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C H A P T E R I 
I N T R O D U C T I O N 
I n r e c e n t y e a r s t r a f f i c v o l u m e s o n s t r e e t s a n d h i g h ­
w a y s i n u r b a n a r e a s h a v e b e e n r a p i d l y i n c r e a s i n g . T h i s i s 
d u e t o b o t h a s h i f t o f p o p u l a t i o n t o u r b a n a r e a s a n d a n i n ­
c r e a s e i n v e h i c l e o w n e r s h i p . I n 1 8 6 0 o n l y t w e n t y p e r c e n t 
o f t h e U n i t e d S t a t e s ' p o p u l a t i o n r e s i d e d i n u r b a n a r e a s . B y 
t h e t u r n o f t h e c e n t u r y , t h e p e r c e n t a g e h a d r i s e n t o f o r t y , 
a n d t o d a y , t w o o u t o f t h r e e A m e r i c a n s l i v e i n u r b a n a r e a s ( 1 ) . 
S i n c e W o r l d W a r T w o v e h i c l e o w n e r s h i p r a t e s h a v e b e e n o n t h e 
i n c r e a s e . I n 1 9 4 8 t h e r e w a s o n e c a r f o r e v e r y 4 . 8 p e r s o n s . 
B y 1 9 5 5 t h e r e w a s o n e c a r f o r e v e r y 3 . 3 p e r s o n s a n d a c o n s e r ­
v a t i v e e s t i m a t e f o r 1 9 7 5 i s o n e c a r f o r e v e r y 2 . 5 p e r s o n s ( 2 ) . 
T h i s g r o w t h i n t r a f f i c v o l u m e s h a s c r e a t e d m a n y n e w 
c o n g e s t i o n p r o b l e m s a n d a g g r a v a t e d e x i s t i n g o n e s . C o n s t r u c ­
t i o n o f n e w s t r e e t s a n d h i g h w a y s a n d i m p r o v e m e n t o f e x i s t i n g 
o n e s t o s o l v e t h e s e c o n g e s t i o n p r o b l e m s a r e v e r y e x p e n s i v e . 
F u r t h e r m o r e , o n c e i m p r o v e m e n t s a r e m a d e t h e y m a y b e e x p e c t e d 
t o l a s t a t l e a s t 2 0 t o 3 0 y e a r s . T h e r e f o r e , p l a n n i n g o f t h e s e 
f a c i l i t i e s s h o u l d b e b a s e d o n a n a c c u r a t e p r e d i c t i o n o f f u t u r e 
t r a f f i c . 
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I n many o f t h e l a r g e m e t r o p o l i t a n a r e a s , t r a n s p o r t a ­
t i o n s t u d i e s h a v e b e e n made b y w e l l t r a i n e d s t a f f s i n w h i c h 
s o u n d m e t h o d s o f p r e d i c t i n g t r a f f i c h a v e b e e n d e v e l o p e d . 
H o w e v e r , v e r y f e w t r a n s p o r t a t i o n s t u d i e s i n s m a l l c i t i e s 
h a v e d e v e l o p e d r e l i a b l e e s t i m a t e s o f f u t u r e t r a f f i c . A 
s t u d y made b y R i c h a r d C . C o w d e r y , D i r e c t o r o f t h e U r b a n 
T r a n s p o r t a t i o n P l a n n i n g S e r v i c e f o r t h e A m e r i c a n M u n i c i p a l 
A s s o c i a t i o n , s t a t e s t h a t t r a n s p o r t a t i o n p l a n n i n g i n s m a l l 
c i t i e s i s v i r t u a l l y n o n - e x i s t e n t ( 3 ) . 
The p u r p o s e o f t h i s t h e s i s i s t o e x a m i n e t h e a p p l i c a ­
b i l i t y t o s m a l l c i t i e s o f t h e m e t h o d s o f p r e d i c t i n g t r a f f i c 
v o l u m e s o n s t r e e t s a n d h i g h w a y s t h a t w e r e d e v e l o p e d i n t h e 
l a r g e m e t r o p o l i t a n a r e a s . C h a p t e r Two w i l l p r e s e n t t h e F r a -
t a r m e t h o d a n d C h a p t e r T h r e e w i l l p r e s e n t t h e m a t h e m a t i c a l 
m o d e l m e t h o d . I n t h e s e c h a p t e r s t h e v a r i o u s s t e p s n e c e s s a r y 
i n u t i l i z i n g e a c h m e t h o d i n a s m a l l c i t y w i l l b e d i s c u s s e d . 
F o r t h e p u r p o s e s o f t h i s s t u d y a s m a l l c i t y i s d e ­
f i n e d a s o n e h a v i n g a p o p u l a t i o n o f l e s s t h a n 1 0 0 , 0 0 0 . I t 
w i l l b e a s s u m e d i n c i t i e s o f t h i s s i z e t h a t t r i p s m a d e b y 
m a s s t r a n s i t a r e n e g l i g i b l e w h e n c o m p a r e d w i t h t r i p s m a d e b y 
p r i v a t e v e h i c l e s . T h e r e f o r e , t h e t e r m t r i p a s u s e d i n t h i s 
s t u d y w i l l r e f e r t o a n a u t o t r i p . 
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T h e i n f o r m a t i o n f o r t h i s s t u d y w a s o b t a i n e d f r o m t r a n s ­
p o r t a t i o n s t u d i e s m a d e i n v a r i o u s c i t i e s , f r o m a r e v i e w o f r e ­
p o r t s m a d e b y r e s e a r c h e r s i n t h e u r b a n t r a n s p o r t a t i o n p l a n n i n g 
f i e l d , f r o m a r e v i e w o f o t h e r p e r t i n e n t l i t e r a t u r e o n t h e s u b ­
j e c t o f t r a f f i c p r e d i c t i o n a n d b y p e r s o n a l i n t e r v i e w s . 
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C H A P T E R I I 
F R A T A R M E T H O D O F P R E D I C T I N G F U T U R E T R A F F I C 
T h i s c h a p t e r w i l l p r e s e n t o n e o f t w o p o s s i b l e m e t h o d s 
o f p r e d i c t i n g f u t u r e s t r e e t t r a f f i c i n a n u r b a n a r e a . T h i s 
m e t h o d u t i l i z e s t h e F r a t a r t e c h n i q u e f o r d i s t r i b u t i n g f u t u r e 
s t r e e t t r a f f i c . T h e F r a t a r t e c h n i q u e w a s d e v e l o p e d b y T h o ­
m a s J . F r a t a r a n d h i s a s s o c i a t e s w h i l e p r e p a r i n g a h i g h w a y 
p l a n f o r C l e v e l a n d , O h i o i n 1 9 5 3 . 
I n c o n s i d e r i n g t h e u s e o f t h e F r a t a r m e t h o d t h e f o l l o w ­
i n g t h r e e p o i n t s a r e i m p o r t a n t . F i r s t , t h e u s e o f t h e F r a t a r 
m e t h o d r e q u i r e s a c o m p l e t e o r i g i n a n d d e s t i n a t i o n s t u d y . S e ­
c o n d , t h e F r a t a r m e t h o d d o e s n o t y i e l d g o o d r e s u l t s i n c i t i e s 
w h i c h h a v e l a r g e u n d e v e l o p e d a r e a s t h a t a r e e x p e c t e d t o b e 
d e v e l o p e d i n t h e f u t u r e . T h i r d , d u e t o t h e v o l u m e o f t h e m a t h ­
e m a t i c a l c o m p u t a t i o n s r e q u i r e d i n u t i l i z i n g t h e F r a t a r m e t h o d , 
i t i s n e c e s s a r y t h a t t h e s e c o m p u t a t i o n s b e m a d e o n a c o m p u t e r . 
C o m p u t e r p r o g r a m s w h i c h m a k e t h e F r a t a r m e t h o d c o m p u t a t i o n s 
h a v e b e e n w r i t t e n f o r m o s t c o m p u t e r s a v a i l a b l e t o d a y . 
T h e v a r i o u s s t e p s o f t h e F r a t a r m e t h o d a r e : ( 1 ) l a n d 
u s e s u r v e y ; ( 2 ) o r i g i n a n d d e s t i n a t i o n s u r v e y ; ( 3 ) t r i p 
5 
g e n e r a t i o n ; ( 4 ) l a n d u s e f o r e c a s t ; ( 5 ) d i s t r i b u t i o n o f i n t e r ­
z o n a l t r i p s a n d ( 6 ) t r a f f i c a s s i g n m e n t . 
Land U s e S u r v e y 
F o r t r a f f i c p r e d i c t i o n p u r p o s e s a l a n d u s e s u r v e y 
s h o u l d i n c l u d e t h e f o l l o w i n g : 
1 . a r e c o r d i n g o f t h e k i n d o f l a n d u s e f o r e a c h 
p a r c e l o f l a n d ; 
2 . a r e c o r d i n g o f t h e i n t e n s i t y o f l a n d u s e f o r 
e a c h p a r c e l o f l a n d ; a n d 
3 . a r e c o r d i n g o f t h e a p p r o x i m a t e n u m b e r o f a c r e s 
o f e a c h p a r c e l o f l a n d . 
The l a n d u s e s u r v e y s h o u l d b e c o n d u c t e d b y a t r a i n e d 
c i t y p l a n n e r . 
F o r a n a l y s i s p u r p o s e s t h e v a r i o u s u s e s o f l a n d s h o u l d 
b e c l a s s i f i e d . I n l a r g e m e t r o p o l i t a n a r e a t r a n s p o r t a t i o n 
s t u d i e s l a n d u s e c l a s s i f i c a t i o n s y s t e m s w i t h a l a r g e n u m b e r 
o f d e t a i l e d l a n d u s e c a t e g o r i e s h a v e b e e n u s e d . I t i s t h e 
o p i n i o n o f t h e a u t h o r t h a t s u c h a h i g h l y d e t a i l e d c l a s s i f i ­
c a t i o n s y s t e m i s n o t w a r r a n t e d b e c a u s e l a n d u s e c a n n o t b e 
r e a l i s t i c a l l y f o r e c a s t i n s u c h d e t a i l . A m i n i m u m c l a s s i f i ­
c a t i o n s y s t e m s h o u l d i n c l u d e r e s i d e n t i a l , c o m m e r c i a l , i n d u s ­
t r i a l , a n d v a c a n t l a n d a s c a t e g o r i e s . H o w e v e r , l a n d u s e 
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c l a s s i f i c a t i o n s s h o u l d b e a s d e t a i l e d a s n e c e s s a r y t o r e f l e c t 
a n y d i s t i n c t d i f f e r e n c e s i n t h e t r i p g e n e r a t i n g a b i l i t y o f 
l a n d u s e s . F o r e x a m p l e , i n r e s i d e n t i a l a r e a s i t i s o f t e n 
n e c e s s a r y t o h a v e s e p a r a t e c l a s s i f i c a t i o n s f o r a p a r t m e n t 
d w e l l i n g u n i t a r e a s a n d s i n g l e f a m i l y d w e l l i n g u n i t a r e a s . 
The k i n d s o f l a n d u s e s a r e u s u a l l y r e c o r d e d b y a n i n ­
s p e c t i o n o f a e r i a l p h o t o s s u p p l e m e n t e d b y a f i e l d i n s p e c t i o n . 
A r e c o r d i n g o f t h e i n t e n s i t y o f l a n d u s e s h o u l d a l s o 
b e m a d e . B o t h t h e u s e a n d t h e i n t e n s i t y o f l a n d u s e o n a 
s i t e a f f e c t i t s t r i p g e n e r a t i n g a b i l i t y . M e a s u r e s o f i n ­
t e n s i t y f o r t h e v a r i o u s c a t e g o r i e s o f l a n d u s e a r e : 
1 . f o r r e s i d e n t i a l l a n d , d w e l l i n g u n i t s p e r a c r e ; 
2 . f o r c o m m e r c i a l l a n d , e m p l o y e e s p e r a c r e a n d 
s q u a r e f e e t o f f l o o r s p a c e p e r a c r e ; a n d 
3 . f o r i n d u s t r i a l l a n d , e m p l o y e e s p e r a c r e . 
T h e n u m b e r o f d w e l l i n g u n i t s i n r e s i d e n t i a l a r e a s 
s h o u l d b e d e t e r m i n e d f r o m a e r i a l p h o t o s a n d c e n s u s p u b l i c a ­
t i o n s , a n d s h o u l d b e s u p p l e m e n t e d b y f i e l d c h e c k s . 
I n f o r m a t i o n o n t h e n u m b e r o f e m p l o y e e s i n e a c h m a j o r 
e s t a b l i s h m e n t i s u s u a l l y a v a i l a b l e f r o m i n d u s t r i a l d e v e l o p ­
m e n t a n d c h a m b e r o f c o m m e r c e o r g a n i z a t i o n s . T h e s e d a t a c a n 
b e s u p p l e m e n t e d b y t e l e p h o n e i n t e r v i e w s w i t h f i r m s t h a t a r e 
n o t l i s t e d b y t h e a b o v e o r g a n i z a t i o n s . 
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I n m o s t c i t i e s f l o o r s p a c e d a t a c a n b e e s t i m a t e d f r o m 
S a n b o r n I n s u r a n c e m a p s . I n a r e a s w h e r e t h e s e m a p s a r e n o t 
a v a i l a b l e , f l o o r s p a c e d a t a c a n b e e s t i m a t e d b y a f i e l d i n ­
s p e c t i o n o r f r o m a e r i a l p h o t o s . 
O r i g i n a n d D e s t i n a t i o n S u r v e y 
T h e o r i g i n a n d d e s t i n a t i o n s u r v e y i s u s e d t o d e t e r ­
m i n e t h e o r i g i n a t i n g a n d t e r m i n a t i n g p o i n t s o f t r i p s . T h e 
o r i g i n a n d d e s t i n a t i o n s u r v e y s h o u l d b e m a d e b y a t r a i n e d 
t r a f f i c e n g i n e e r . 
T h e f i r s t s t e p i n t h e o r i g i n a n d d e s t i n a t i o n s u r v e y 
i s t h e d i v i s i o n o f t h e u r b a n a r e a i n t o z o n e s t o o b t a i n 
w o r k a b l e u n i t s f o r d a t a a n a l y s i s . Z o n e s s h o u l d b e d e l i n ­
e a t e d a s f o l l o w s : 
1 . L a n d u s e w i t h i n a z o n e s h o u l d b e h o m o g e n e o u s . 
D i f f e r e n t c l a s s i f i c a t i o n s o f l a n d u s e g e n e r a t e 
t r a f f i c a t d i f f e r e n t r a t e s . F e w e r c o m p u t a ­
t i o n s w i l l b e n e c e s s a r y i n t h e f o l l o w i n g 
s t e p s o f t h e F r a t a r m e t h o d i f e a c h t r a f f i c 
z o n e c o n t a i n s o n l y o n e o f t h e c l a s s i f i c a t i o n s 
o f l a n d u s e . A s a c o r o l l a r y t o t h i s p o i n t 
t h e c e n t r a l b u s i n e s s d i s t r i c t s h o u l d c o n s t i ­
t u t e a s i n g l e z o n e . 
The s h a p e o f a z o n e s h o u l d b e s q u a r e o r c i r ­
c u l a r . I r r e g u l a r s h a p e d z o n e s s h o u l d b e 
a v o i d e d . A l l t r i p s a r e a s s u m e d t o o r i g i n a t e 
a n d t e r m i n a t e a t t h e c e n t e r o f t h e z o n e . 
The c e n t e r o f t h e z o n e i s m o s t r e p r e s e n t a ­
t i v e o f c o m p l e t e a r e a o f t h e z o n e w h e n i t i s 
s q u a r e o r c i r c u l a r . 
W h e n e v e r p o s s i b l e t r a f f i c z o n e b o u n d a r i e s 
s h o u l d c o r r e s p o n d t o b o u n d a r i e s o f e n u m e r a ­
t i o n d i s t r i c t s o r c e n s u s t r a c t s . The m a x i ­
mum u s e o f c e n s u s d a t a c a n b e made i f t r a f ­
f i c z o n e s a n d c e n s u s t r a c t s o r e n u m e r a t i o n 
d i s t r i c t s c o r r e s p o n d . 
Z o n e s s h o u l d b e made a s l a r g e a s p o s s i b l e 
w i t h o u t g e n e r a t i n g m o r e t h a n 1 0 , 0 0 0 t r i p s 
p e r d a y . S t u d i e s h a v e s h o w n i n g e n e r a l t h a t 
w h e n z o n e s g e n e r a t e m o r e t h a n 1 0 , 0 0 0 t r i p s 
p e r d a y t h e y a r e t o o l a r g e t o a c c u r a t e l y r e ­
p r e s e n t t h e l o c a t i o n o f t r i p o r i g i n s a n d d e s ­
t i n a t i o n s ( 4 ) . To m e e t t h i s c r i t e r i a z o n e 
s i z e s h o u l d v a r y i n p r o p o r t i o n t o t h e i n t e n ­
s i t y o f l a n d u s e w i t h i n t h e z o n e . Two r e a ­
s o n s why z o n e s s h o u l d b e a s l a r g e a s p o s s i b l e 
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a n d s t i l l r e m a i n w i t h i n t h e a b o v e c r i t e r i a 
a r e : ( 1 ) l a n d u s e c a n n o t b e a c c u r a t e l y 
f o r e c a s t f o r s m a l l a r e a s ; a n d ( 2 ) t h e n u m ­
b e r o f c o m p u t a t i o n s r e q u i r e d t o d i s t r i b u t e 
t r i p s b y t h e F r a t a r f o r m u l a i s p r o p o r t i o n a l 
t o t h e s q u a r e o f t h e n u m b e r o f z o n e s . 
I n a p r a c t i c a l s i t u a t i o n i t w i l l b e d i f f i c u l t t o 
m e e t a l l o f t h e a b o v e c r i t e r i a . T h e r e f o r e , c o m p r o m i s e s w i l l 
h a v e t o b e made i n t h e s e c r i t e r i a t o e s t a b l i s h w o r k a b l e 
u n i t s f o r t r a f f i c p r e d i c t i o n p u r p o s e s . 
T h e p a r t s o f a n o r i g i n a n d d e s t i n a t i o n s u r v e y r e c o m ­
m e n d e d b y t h e N a t i o n a l C o m m i t t e e o n U r b a n T r a n s p o r t a t i o n t o 
b e c o n d u c t e d i n a s m a l l c i t y a r e t h e e x t e r n a l c o r d o n s u r v e y , 
t h e i n t e r n a l c o r d o n s u r v e y , a n d t h e home i n t e r v i e w s u r v e y ( 5 ) . 
E x t e r n a l C o r d o n S u r v e y 
The e x t e r n a l c o r d o n s u r v e y i s a r o a d s i d e i n t e r v i e w 
s t u d y i n w h i c h a s a m p l e o f d r i v e r s i s s t o p p e d a n d q u e s t i o n e d 
a s t o t h e o r i g i n , d e s t i n a t i o n a n d p u r p o s e o f t h e i r t r i p s . 
T h e i n t e r v i e w s a r e c o n d u c t e d o n a n e x t e r n a l c o r d o n l i n e 
w h i c h i s a n i m a g i n a r y l i n e d r a w n a r o u n d t h e o u t e r l i m i t s o f 
t h e u r b a n a r e a . I t i s r e c o m m e n d e d t h a t f i f t y p e r c e n t o f 
t h e d r i v e r s b e i n t e r v i e w e d o n a c l u s t e r s a m p l i n g b a s i s ( 6 ) . 
F o r e x a m p l e , f o u r v e h i c l e s s h o u l d b e i n t e r v i e w e d a n d f o u r 
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v e h i c l e s s h o u l d b e p a s s e d . The n u m b e r o f v e h i c l e s i n e a c h 
c l u s t e r w i l l b e d e t e r m i n e d b y t h e n u m b e r o f i n t e r v i e w e r s i n 
t h e s u r v e y p a r t y . A t y p i c a l p a r t y m i g h t i n c l u d e : ( 1 ) a 
p a r t y s u p e r v i s o r ; ( 2 ) s i x i n t e r v i e w e r s ; ( 3 ) t w o f l a g m e n ; 
a n d (4) a p o l i c e o f f i c e r . I t i s r e c o m m e n d e d t h a t t h e s u r ­
v e y b e c o n d u c t e d f r o m 6 : 0 0 A . M. t o 1 0 : 0 0 P . M. f o r o n e d a y , 
p r e f e r a b l y a T u e s d a y , W e d n e s d a y o r T h u r s d a y . I n a d d i t i o n , 
t h e t i m e o f y e a r s e l e c t e d t o c o n d u c t t h e s u r v e y s h o u l d b e 
o n e i n w h i c h t r a f f i c v o l u m e i s n o t a b n o r m a l . T h i s t y p e o f 
s u r v e y p r o d u c e s d a t a o n t h e n u m b e r o f t r i p s w h i c h h a v e t r i p 
e n d s o u t s i d e t h e e x t e r n a l c o r d o n l i n e . T h e c o s t o f t h i s 
t y p e o f s u r v e y i s a p p r o x i m a t e l y $ 1 5 0 0 . 0 0 p e r s t a t i o n . 
I n t e r n a l C o r d o n S u r v e y 
The i n t e r n a l c o r d o n s u r v e y i s a n o t h e r r o a d s i d e i n t e r ­
v i e w s t u d y i n w h i c h d r i v e r s a r e q u e s t i o n e d a s t o t h e i r t r i p 
o r i g i n , t r i p d e s t i n a t i o n a n d t r i p p u r p o s e . I n t e r v i e w s f o r 
t h i s s u r v e y a r e made o n a n i n t e r n a l c o r d o n l i n e w h i c h s u r ­
r o u n d s t h e c e n t r a l b u s i n e s s d i s t r i c t . T h e s a m p l i n g t e c h ­
n i q u e , t h e t y p e o f p e r s o n n e l i n c l u d e d i n t h e p a r t y , a n d t i m e 
o f s u r v e y a r e t h e s a m e f o r t h i s t y p e s u r v e y a s t h e y a r e f o r 
t h e e x t e r n a l s u r v e y . H o w e v e r , s i n c e t h e t r a f f i c v o l u m e 
p a s s i n g s t a t i o n s o n t h e i n t e r n a l c o r d o n w i l l b e g r e a t e r t h a n 
t h a t o n t h e e x t e r n a l c o r d o n m o r e i n t e r v i e w e r s w i l l b e n e e d e d . 
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T h i s t y p e o f s u r v e y p r o v i d e s d a t a o n t h e n u m b e r o f t r i p s 
w h i c h e n t e r o r l e a v e t h e c e n t r a l b u s i n e s s d i s t r i c t . T h e c o s t 
o f t h i s t y p e o f s u r v e y i s a p p r o x i m a t e l y $ 2 0 0 0 . 0 0 p e r s t a t i o n . 
H o m e I n t e r v i e w S u r v e y 
I n c o n d u c t i n g a h o m e i n t e r v i e w s u r v e y , i n t e r v i e w s a r e 
m a d e a t a s a m p l e o f t h e d w e l l i n g u n i t s i n t h e u r b a n a r e a . 
I t i s r e c o m m e n d e d t h a t o n e o u t o f e v e r y f i v e d w e l l i n g u n i t s 
b e s a m p l e d i n s m a l l c i t i e s ( 7 ) . I n t h e i n t e r v i e w t h e o c c u ­
p a n t s o f t h e d w e l l i n g u n i t a r e q u e s t i o n e d a s t o t h e o r i g i n , 
d e s t i n a t i o n a n d p u r p o s e o f a l l t r i p s m a d e o n t h e p r e v i o u s 
d a y . T h e c o s t o f a h o m e i n t e r v i e w s u r v e y i s a p p r o x i m a t e l y 
$ 1 . 7 5 p e r i n t e r v i e w ( 8 ) . 
T w o a l t e r n a t e m e t h o d s o f g a t h e r i n g i n f o r m a t i o n o n 
t r i p s m a d e f r o m t h e h o m e a r e t h e p o s t c a r d s u r v e y a n d t h e 
t e l e p h o n e s u r v e y . 
T h e p o s t c a r d s u r v e y i s a m e t h o d o f o b t a i n i n g o r i g i n 
a n d d e s t i n a t i o n d a t a i n w h i c h e a c h r e g i s t e r e d v e h i c l e o w n e r 
i n t h e a r e a i s m a i l e d a s e l f - a d d r e s s e d p r e p a i d p o s t c a r d 
q u e s t i o n n a i r e . T h e o w n e r i s a s k e d t o l i s t a l l t r i p s b y a d ­
d r e s s o f o r i g i n , a d d r e s s o f d e s t i n a t i o n a n d t r i p p u r p o s e 
m a d e b y h i s v e h i c l e o n t h e d a y a f t e r r e c e i p t o f t h e c a r d . 
T h e c o s t o f t h i s t y p e o f s u r v e y i s a p p r o x i m a t e l y $ 1 . 0 0 p e r 
c a r d r e t u r n e d . A p p r o x i m a t e l y t h i r t y p e r c e n t o f t h e c a r d s 
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m a i l e d a r e u s u a l l y r e t u r n e d . A l t h o u g h t h i s m e t h o d y i e l d s a 
l a r g e r s a m p l e o f d a t a a t a s a v i n g s o f t i m e a n d m o n e y i t h a s 
t h r e e d i s a d v a n t a g e s . F i r s t , t h e q u e s t i o n n a i r e m u s t n e c e s ­
s a r i l y r e m a i n s i m p l e , t h e r e f o r e , t h e d a t a g a t h e r e d a r e l e s s 
d e t a i l e d t h a n t h o s e g a t h e r e d b y t h e h o m e i n t e r v i e w s u r v e y . 
S e c o n d , v e h i c l e r e g i s t r a t i o n r e c o r d s m a y n o t b e a v a i l a b l e 
f o r t h e a r e a c o n s i d e r e d i n t h e s t u d y . F i n a l l y , t h e q u e s ­
t i o n n a i r e r e t u r n e d m a y b e b i a s e d i n t h a t c e r t a i n o c c u p a ­
tional groups h a v e a g r e a t e r tendency to return mail than 
d o o t h e r s . H o w e v e r , t h e c o n c l u s i o n o f a s t u d y m a d e c o m p a r ­
i n g t h e r e s u l t s o f t h e h o m e i n t e r v i e w s u r v e y a n d t h e p o s t ­
c a r d s u r v e y w a s t h a t t h e r e s u l t s o b t a i n e d f r o m t h e t w o s u r ­
v e y s w e r e a p p r o x i m a t e l y t h e s a m e ( 9 ) . 
T h e t e l e p h o n e i n t e r v i e w s u r v e y i s a m e t h o d o f o b ­
t a i n i n g o r i g i n a n d d e s t i n a t i o n d a t a t h r o u g h t e l e p h o n e c o n ­
v e r s a t i o n s w i t h a r a n d o m s a m p l e o f r e s i d e n t s . T e l e p h o n e 
n u m b e r s a r e s e l e c t e d f r o m t h e d i r e c t o r y a t r a n d o m e x c l u d ­
i n g b u s i n e s s a n d d o u b l e l i s t i n g s . A t w e n t y p e r c e n t s a m p l e 
i s r e c o m m e n d e d f o r t h i s m e t h o d . M e m b e r s o f t h e h o u s e h o l d s 
c a l l e d a r e q u e s t i o n e d a s t o t h e o r i g i n , d e s t i n a t i o n a n d p u r ­
p o s e o f t r i p s m a d e o n t h e d a y p r e c e d i n g t h e i n t e r v i e w . A 
l e t t e r s h o u l d b e s e n t t o a l l i n t e r v i e w e e s a f e w d a y s b e ­
f o r e t h e s u r v e y i n o r d e r t h a t t h e y c a n b e p r e p a r e d t o a n s w e r 
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t h e q u e s t i o n s . T h e c o s t o f t h i s s u r v e y i s a p p r o x i m a t e l y 
$ 1 . 0 0 p e r i n t e r v i e w . T h i s t y p e o f s u r v e y m a y a l s o b e b i a s e d 
i n t h a t h o u s e h o l d s n o t l i s t e d o r n o t o w n i n g a t e l e p h o n e m a y 
h a v e d i f f e r e n t t r a v e l h a b i t s t h a n t h o s e i n t e r v i e w e d . H o w ­
e v e r , i n a r e a s w h e r e t h i s m e t h o d h a s b e e n u s e d t h i s b i a s 
h a s n o t s e r i o u s l y a f f e c t e d t h e f i n a l r e s u l t s ( 1 0 ) . 
T h e r e s u l t s o f t h e o r i g i n a n d d e s t i n a t i o n s u r v e y a r e : 
( 1 ) t h e e x i s t i n g n u m b e r o f t r i p s o r i g i n a t i n g a n d t e r m i n a t ­
i n g i n e a c h z o n e ( t r i p e n d s ) ; ( 2 ) t h e e x i s t i n g n u m b e r o f 
t r i p s m a d e b e t w e e n e a c h p a i r o f z o n e s ( i n t e r z o n a l t r i p s ) ; 
a n d ( 3 ) t h e p u r p o s e o f t h e e x i s t i n g i n t e r z o n a l t r i p s . 
T r i p G e n e r a t i o n 
T h e n e x t s t e p i n p r e d i c t i n g f u t u r e t r a f f i c i s t o d e ­
t e r m i n e t h e r e l a t i o n s h i p b e t w e e n t h e n u m b e r o f t r i p s o r i g ­
i n a t i n g a n d t e r m i n a t i n g ( t r i p e n d s ) i n t r a f f i c z o n e s , a n d 
l a n d u s e a n d l a n d u s e i n t e n s i t y . O n c e t h e s e r e l a t i o n s h i p s 
a r e d e t e r m i n e d t h e y c a n b e a p p l i e d t o a f o r e c a s t o f f u t u r e 
l a n d u s e a n d l a n d u s e i n t e n s i t y t o d e t e r m i n e t h e f u t u r e 
n u m b e r o f t r i p e n d s i n e a c h z o n e . F o r e x a m p l e , a r e l a t i o n ­
s h i p c a n b e d e r i v e d w h i c h e x p r e s s e s t h e n u m b e r o f t r i p e n d s 
t h a t w i l l b e g e n e r a t e d p e r e m p l o y e e i n a n i n d u s t r i a l z o n e . 
I f t h i s r e l a t i o n s h i p i s a s s u m e d t o b e c o n s t a n t t h r o u g h t i m e , 
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t h e f u t u r e n u m b e r o f t r i p e n d s i n t h a t i n d u s t r i a l z o n e c a n 
b e d e t e r m i n e d b y e s t i m a t i n g t h e f u t u r e n u m b e r o f e m p l o y e e s 
i n t h e z o n e . 
T h e s e r e l a t i o n s h i p s a r e u s u a l l y d e t e r m i n e d b y s i m p l e 
r e g r e s s i o n a n a l y s i s . T h i s i s a s t a t i s t i c a l t e c h n i q u e i n 
w h i c h a m a t h e m a t i c a l r e l a t i o n s h i p i s d e r i v e d . F o r i n s t a n c e , 
t h e r e l a t i o n s h i p b e t w e e n t h e n u m b e r o f t r i p e n d s a n d t h e 
n u m b e r o f e m p l o y e e s i n i n d u s t r i a l z o n e s c o u l d b e a n a l y z e d 
b y s i m p l e r e g r e s s i o n a n a l y s i s a s f o l l o w s . F i r s t , l a n d u s e 
i n t e n s i t y d a t a a n d o r i g i n a n d d e s t i n a t i o n d a t a a r e e x ­
a m i n e d . N e x t , t h e n u m b e r o f t r i p e n d s a n d t h e n u m b e r o f 
e m p l o y e e s i n e a c h z o n e a r e p l o t t e d o n a g r a p h . T h e r e ­
s u l t i n g g r a p h m i g h t l o o k s i m i l a r t o t h e o n e s h o w n i n F i g u r e 
1 o n p a g e 1 5 . T h i s i s c a l l e d a s c a t t e r d i a g r a m . 
T h e s c a t t e r d i a g r a m c a n t h e n b e a n a l y z e d m a t h e m a t i c ­
a l l y t o d e t e r m i n e t h e c u r v e w h i c h r e p r e s e n t s t h e r e l a t i o n ­
s h i p b e t w e e n t r i p e n d s a n d e m p l o y e e s m o s t a c c u r a t e l y . S u c h 
a c u r v e i s c a l l e d a r e g r e s s i o n c u r v e o r a c u r v e o f " b e s t 
f i t " . A s s u m i n g t h a t i n t h e c a s e o f t h e s c a t t e r d i a g r a m 
s h o w n i n F i g u r e 1 t h e m a t h e m a t i c a l a n a l y s i s s h o w e d t h a t t h e 
r e l a t i o n s h i p b e t w e e n t r i p e n d s a n d e m p l o y e e s i s b e s t r e p r e ­
s e n t e d b y a s t r a i g h t l i n e , t h e r e g r e s s i o n l i n e w o u l d a p p e a r 
a s s h o w n i n F i g u r e 2 o n p a g e 1 5 . 
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E m p l o y e e s P e r Z o n e 
F i g u r e 1 . S c a t t e r D i a g r a m 
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T h e m a t h e m a t i c a l f o r m o f t h i s r e g r e s s i o n l i n e ( y = a x + b ) 
e x p r e s s e s t h e r e l a t i o n s h i p b e t w e e n t r i p d e s t i n a t i o n s a n d e m ­
p l o y e e s p e r z o n e m a t h e m a t i c a l l y . T h a t i s : 
y = t r i p d e s t i n a t i o n s p e r z o n e ; 
x = e m p l o y e e s p e r z o n e ; 
a = s l o p e o f t h e l i n e ( t h e r a t i o o f t r i p e n d s t o 
e m p l o y e e s p e r z o n e ) ; a n d 
b = t h e n u m b e r o f t r i p e n d s p e r z o n e w h e n t h e n u m ­
b e r o f e m p l o y e e s e q u a ] 5 z e r o . 
I n t h e e x a m p l e a b o v e t h e r e l a t i o n s h i p w a s a s s u m e d t o 
b e b e s t r e p r e s e n t e d b y a s t r a i g h t l i n e . H o w e v e r , t h e m a t h ­
e m a t i c a l a n a l y s i s m a y s h o w t h a t t h e r e l a t i o n s h i p i s b e s t r e ­
p r e s e n t e d b y a p a r a b o l i c , e x p o n e n t i a l , o r o t h e r n o n - l i n e a r 
c u r v e . 
T h e a b o v e m e t h o d s h o u l d b e u s e d t o d e t e r m i n e t h e 
e x i s t i n g r e l a t i o n s h i p b e t w e e n l a n d u s e i n t e n s i t y a n d t r i p 
e n d s f o r e a c h c a t e g o r y o f l a n d u s e f o r e a c h t r i p p u r p o s e . 
S i n c e t h e r e a r e l i t e r a l l y a s m a n y t r i p p u r p o s e s a s 
t h e r e a r e r e a s o n s f o r m a k i n g a t r i p , t r i p p u r p o s e s s h o u l d b e 
c l a s s i f i e d . S t u d i e s m a d e b y t h e B u r e a u o f P u b l i c R o a d s 
s t a t e t h a t i n s m a l l c i t i e s t h e u s e o f t h e f o l l o w i n g t h r e e 
t r i p p u r p o s e c a t e g o r i e s h a v e p r o v e d t o b e s u c c e s s f u l ( 1 1 ) . 
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1 . H o m e b a s e d w o r k t r i p s . T h i s g r o u p i n c l u d e s 
t h o s e t r i p s m a d e t o o r f r o m p l a c e o f r e s i d e n c e 
a n d p l a c e o f e m p l o y m e n t f o r t h e p u r p o s e o f w o r k . 
2 . H o m e b a s e d n o n - w o r k t r i p s . T h i s g r o u p i n c l u d e s 
t h o s e t r i p s t o o r f r o m p l a c e o f r e s i d e n c e a n d 
a n y o t h e r p l a c e f o r a n y p u r p o s e e x c e p t w o r k . 
3 . N o n - h o m e b a s e d t r i p s . T h i s g r o u p i n c l u d e s 
t h o s e t r i p s w h i c h h a v e n e i t h e r o r i g i n n o r d e s ­
t i n a t i o n a t t h e h o m e . 
T h e r e l a t i o n s h i p s w h i c h s h o u l d b e d e t e r m i n e d a r e a s 
f o l l o w s : 
1 . f o r r e s i d e n t i a l a r e a s t h e r e l a t i o n s h i p b e t w e e n 
h o m e b a s e d w o r k t r i p e n d s a n d d w e l l i n g u n i t s ; 
2 . f o r r e s i d e n t i a l a r e a s t h e r e l a t i o n s h i p b e t w e e n 
h o m e b a s e d n o n - w o r k t r i p e n d s a n d d w e l l i n g u n i t s ; 
3 . f o r c o m m e r c i a l a r e a s a r e l a t i o n s h i p b e t w e e n h o m e 
b a s e d w o r k t r i p e n d s a n d e m p l o y e e s ; 
4 . f o r c o m m e r c i a l a r e a s a r e l a t i o n s h i p b e t w e e n h o m e 
b a s e d n o n - w o r k t r i p e n d s a n d f l o o r s p a c e ; 
5 . f o r c o m m e r c i a l a r e a s a r e l a t i o n s h i p b e t w e e n n o n -
h o m e b a s e d t r i p e n d s a n d f l o o r s p a c e ; 
6 . f o r i n d u s t r i a l a r e a s a r e l a t i o n s h i p b e t w e e n h o m e 
b a s e d w o r k t r i p e n d s a n d e m p l o y e e s ; a n d 
18 7. for industrial areas a relationship betwen non-home based trip ends and employes. Land Use Forecast The future number of trip ends in each zone is esti­mated from the relationships betwen land use and land use intensity, and trip ends derived in the previous section. By asuming that these relationships wil remain constant through time the future number of trip ends can be estimated if land use and land use intensity in each zone are forecast. The land use forecast should estimate the number of acres of each land use classifcation and the intensity of each in each zone. The same classifcation system used in the land use survey should be used in the forecast. The land use forecast should be made by a trained city planner. The land use survey should be based on an economic and population study. A study of the area's economy pro­vides information on, among other things, the growth or de­cline in the various types of industries within the area. From this information the growth or decline in the various types of employment opportunities in the area can be esti­mated. Having estimated the types of employment opportuni­ties that wil be availble and by studying past trends in 
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p o p u l a t i o n a n e s t i m a t e c a n b e m a d e o f t h e f u t u r e n u m b e r o f 
f a m i l i e s i n e a c h i n c o m e g r o u p t h a t w i l l l i v e i n t h e a r e a . i f 
t h e n u m b e r o f f a m i l i e s t h a t w i l l l i v e i n t h e c i t y c a n b e e s ­
t i m a t e d , t h e f u t u r e d e v e l o p m e n t o f l a n d u s e s t o s e r v e t h e s e 
f a m i l i e s c a n a l s o b e e s t i m a t e d a n d h e n c e , t h e l a n d r e q u i r e d 
b y t h e s e u s e s c a n b e d e r i v e d . C o n s i d e r i n g , s u c h f a c t o r s a s 
h o u s i n g p r e f e r e n c e s o f t h e v a r i o u s i n c o m e g r o u p s , z o n i n g , 
a v a i l a b i l i t y o f u t i l i t i e s , t e r r a i n , s o i l c o n d i t i o n s , a c c e s s ­
i b i l i t y , a n d p r e s e n t d e v e l o p m e n t , t h e a r e a s o f t h e c i t y t h a t 
w i l l r e c e i v e f u t u r e d e v e l o p m e n t c a n b e a n t i c i p a t e d . 
D i s t r i b u t i o n o f I n t e r z o n a l T r i p s 
A f t e r t h e e x i s t i n g n u m b e r o f t r i p e n d s i n e a c h z o n e a n d 
t h e p r e s e n t n u m b e r o f i n t e r z o n a l t r i p s h a v e b e e n d e t e r m i n e d 
a n d t h e f u t u r e n u m b e r o f t r i p e n d s i n e a c h z o n e h a v e b e e n e s ­
t i m a t e d , i t w i l l b e n e c e s s a r y t o d i s t r i b u t e t h e f u t u r e i n t e r ­
z o n a l t r i p s . A s e p a r a t e d i s t r i b u t i o n o f i n t e r z o n a l t r i p s 
s h o u l d b e m a d e f o r e a c h t r i p p u r p o s e c a t e g o r y . 
T h e F r a t a r m e t h o d o f d i s t r i b u t i n g i n t e r z o n a l t r i p s i s 
a s u c c e s s i v e a p p r o x i m a t i o n m e t h o d . U s i n g t h i s m e t h o d , t h e 
f u t u r e t r i p e n d s , b o t h o r i g i n s a n d d e s t i n a t i o n s , i n e a c h z o n e 
a r e d i s t r i b u t e d t o t h e o t h e r z o n e s , a s a f i r s t a p p r o x i m a t i o n , 
i n p r o p o r t i o n t o t h e a t t r a c t i v e n e s s e a c h z o n e h a s f o r t r i p s 
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r e l a t i v e t o t h e a t t r a c t i v e n e s s o f t h e o t h e r z o n e s . T h e a t ­
t r a c t i v e n e s s o f e a c h z o n e i s d e f i n e d a s t h e e x i s t i n g i n t e r ­
z o n a l t r i p v o l u m e b e t w e e n t h e z o n e f r o m w h i c h t r i p s a r e b e ­
i n g d i s t r i b u t e d a n d t h e z o n e i n q u e s t i o n m u l t i p l i e d b y t h e 
g r o w t h f a c t o r o f t h e z o n e i n q u e s t i o n . T h e g r o w t h f a c t o r 
f o r e a c h z o n e i s d e f i n e d a s t h e f u t u r e t r i p e n d s d i v i d e d b y 
t h e e x i s t i n g t r i p e n d s . T h e n u m b e r o f f u t u r e t r i p e n d s i n 
e a c h z o n e i s e s t i m a t e d u t i l i z i n g t h e m e t h o d d e s c r i b e d i n 
t h e t r i p g e n e r a t i o n s e c t i o n o f t h i s c h a p t e r . T h e n u m b e r o f 
e x i s t i n g t r i p e n d s i n e a c h z o n e i s d e t e r m i n e d f r o m t h e o r i ­
g i n a n d d e s t i n a t i o n s u r v e y . 
S i n c e g r o w t h f a c t o r s a r e d e f i n e d a s t h e f u t u r e t r i p 
e n d s i n a z o n e d i v i d e d b y t h e e x i s t i n g t r i p e n d s , d i f f i c u l t y 
i s e n c o u n t e r e d i n d e t e r m i n i n g g r o w t h f a c t o r s f o r z o n e s w h i c h 
a r e p r e s e n t l y u n d e v e l o p e d b u t a r e e x p e c t e d t o d e v e l o p i n t h e 
f u t u r e . I n t h e s e z o n e s t h e e x i s t i n g n u m b e r o f t r i p e n d s 
m a y b e z e r o . T h e r e f o r e , i f t h e f u t u r e n u m b e r o f t r i p e n d s 
i s e s t i m a t e d t o b e o t h e r t h a n z e r o t h e g r o w t h f a c t o r w i l l 
b e i n f i n i t e a n d t h e F r a t a r t e c h n i q u e w i l l b e u n u s a b l e . 
A p r o c e d u r e h a s b e e n d e v e l o p e d t h a t p a r t i a l l y e l i m i ­
n a t e s t h i s d i s a d v a n t a g e . I t c o n s i s t s o f c o m b i n i n g z o n e s 
w h i c h a r e p r e s e n t l y u n d e v e l o p e d w i t h n e i g h b o r i n g z o n e s w h i c h 
a r e m o r e s t a b l e . T h e d i s t r i b u t i o n i s m a d e u s i n g t h e c o m b i n e d 
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z o n e s , a f t e r w h i c h t h e t o t a l t r i p i n t e r c h a n g e s o f t h e c o m ­
b i n e d z o n e s a r e p r o r a t e d b a c k t o e a c h z o n e i n p r o p o r t i o n t o 
t h e f u t u r e t r i p e n d s i n e a c h z o n e . 
S i n c e t h i s m e t h o d d i s t r i b u t e s t o t a l f u t u r e t r i p s , 
b o t h c o m i n g a n d g o i n g f r o m e a c h z o n e a n d s i n c e a d i s t r i b u ­
t i o n o f t r i p s i s m a d e f o r e a c h z o n e , t h e i n t e r z o n a l t r i p 
v o l u m e b e t w e e n a p a i r o f z o n e s w i l l h a v e t w o t e n t a t i v e 
v a l u e s . F o r e x a m p l e , b e t w e e n z o n e s A a n d B t h e i n t e r z o n a l 
t r i p v o l u m e w i l l h a v e t h e v a l u e o b t a i n e d w h e n d i s t r i b u t i n g 
t r i p s f r o m z o n e A a n d a l s o t h e v a l u e o b t a i n e d w h e n d i s ­
t r i b u t i n g t r i p s f r o m z o n e B . A s a f i r s t a p p r o x i m a t i o n o f 
t h e f u t u r e i n t e r z o n a l t r i p v o l u m e b e t w e e n z o n e A a n d z o n e 
B t h e s e p a i r s o f t e n t a t i v e v a l u e s a r e a v e r a g e d . F o r e a c h 
z o n e t h e f i r s t a p p r o x i m a t i o n s o f t h e i n t e r z o n a l v o l u m e b e ­
t w e e n i t a n d e a c h o t h e r z o n e a r e a d d e d t o d e t e r m i n e t h e c a l ­
c u l a t e d n u m b e r o f f u t u r e t r i p e n d s . T h i s c a l c u l a t e d n u m b e r 
o f f u t u r e t r i p e n d s e s t i m a t e d i n e a c h z o n e w i l l n o t a l w a y s 
e q u a l t h e n u m b e r o f f u t u r e t r i p e n d s e s t i m a t e d i n t h e t r i p 
g e n e r a t i o n s e c t i o n . T o c o r r e c t t h i s d i s c r e p a n c y , c o r r e c ­
t i o n f a c t o r s a r e c a l c u l a t e d f o r e a c h z o n e b y d i v i d i n g t h e 
e s t i m a t e d n u m b e r o f f u t u r e t r i p e n d s b y t h e c a l c u l a t e d n u m ­
b e r o f f u t u r e t r i p e n d s . S u b s t i t u t i n g t h e c o r r e c t i o n f a c t o r s 
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t h u s o b t a i n e d f o r t h e g r o w t h f a c t o r s a n d s u b s t i t u t i n g t h e 
f i r s t a p p r o x i m a t i o n o f i n t e r z o n a l t r i p v o l u m e s f o r t h e 
e x i s t i n g i n t e r z o n a l t r i p v o l u m e s , t h e d i s t r i b u t i o n i s r e ­
p e a t e d a n d a s e c o n d a p p r o x i m a t i o n o f t h e i n t e r z o n a l t r i p 
v o l u m e s a n d t h e c o r r e c t i o n f a c t o r s i s d e t e r m i n e d . T h i s p r o ­
c e s s i s r e p e a t e d u n t i l t h e c a l c u l a t e d n u m b e r o f t r i p e n d s 
i n e a c h z o n e a p p r o x i m a t e l y e q u a l s t h e e s t i m a t e d f u t u r e t r i p 
e n d s . 
I n s u m m a r y , t h e s t e p s i n d i s t r i b u t i n g t r i p s b y t h e 
F r a t a r m e t h o d a n d a s i m p l e e x a m p l e i l l u s t r a t i n g t h e u s e o f 
t h e s e s t e p s w i l l b e p r e s e n t e d . 
F i g u r e 3 o n p a g e 2 3 a n d t h e k n o w n d a t a f o r t h i s s i t u a t i o n 
t a b u l a t e d i n T a b l e 1 . 
C o n s i d e r t h e s i m p l e t h r e e z o n e s i t u a t i o n s h o w n i n 
T a b l e 1 . K n o w n D a t a f o r E x a m p l e S i t u a t i o n 
Z o n e 
E x i s t i n g 
T r i p E n d s 
E s t i m a t e d 
F u t u r e 
T r i p E n d s 
E x i s t i n g I n t e r z o n a l T r i p s 
B e t w e e n N u m b e r o f 










A - B 
B - C 




E x i s t i n g T r i p E n d s 
E q u a l 5 0 
E x i s t i n g T r i p E n d s 
E q u a l 4 0 
F i g u r e 3 . D i s t r i b u t i o n o f E x i s t i n g T r i p s 
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5 0 
= 5 0 = 1 . 0 
8 0 
= 4 0 = 2 . 0 
9 0 
= 3 0 = 3 . 0 
T h e f o l l o w i n g s t e p s a r e u s e d t o d i s t r i b u t e f u t u r e i n ­
t e r z o n a l t r i p s . 
1 . D e t e r m i n e t h e g r o w t h f a c t o r f o r e a c h z o n e b y 
d i v i d i n g t h e e s t i m a t e d f u t u r e t r i p e n d s b y t h e 
e x i s t i n g t r i p e n d s . 
T h e g r o w t h f a c t o r s f o r t h e e x a m p l e w i l l b e 
a s f o l l o w s : 
G r o w t h F a c t o r Z o n e A 
G r o w t h F a c t o r Z o n e B 
G r o w t h F a c t o r Z o n e C 
2 . D e t e r m i n e t h e a t t r a c t i v e n e s s e a c h z o n e h a s f o r 
a t t r a c t i n g t r i p s f r o m e a c h o t h e r z o n e b y m u l t i ­
p l y i n g e a c h e x i s t i n g i n t e r z o n a l t r i p v o l u m e b y 
t h e z o n e ' s g r o w t h f a c t o r . 
A t t r a c t i v e n e s s v a l u e s f o r t h e e x a m p l e a r e 
a s f o l l o w s : 
Z o n e A f o r Z o n e B = 3 0 x 1 = 3 0 
Z o n e A f o r Z o n e C = 2 0 x 1 = 2 0 
Z o n e B f o r Z o n e A = 3 0 x 2 = 6 0 
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Zone B for Zone C = 10 x 2 = 20 
Zone C for Zone A = 20 x 3 = 60 
Zone C for Zone B = 10 x 3 = 30 
3 . Determine t h e p r o p o r t i o n of t h e f u t u r e t r i p ends 
i n each zone t h a t w i l l be d i s t r i b u t e d t o each 
o t h e r zone by d i v i d i n g t h e a t t r a c t i v e n e s s v a l u e 
o f t h e zone t o which t r i p s are b e i n g d i s t r i b u t e d , 
by t h e sum of the a t t r a c t i v e n e s s v a l u e s o f a l l 
t h e zones which have an i n t e r c h a n g e w i t h t h e 
zone i n q u e s t i o n . 
The p r o p o r t i o n of f u t u r e t r i p ends from each 
zone t o each o t h e r zone i n t h e example i s : 
60 
From Zone A t o Zone B = 60 + 
60 
60 = .50 
t o Zone C = 60 + 
30 
60 = .50 
From Zone B t o Zone A = 30 + 
30 
30 = .50 
t o Zone C = 30 + 
20 
30 = .50 
From Zone C t o Zone A = 20 + 
20 
20 = .50 
t o Zone B = 20 + 20 = .50 
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Averages for the example are as f o l l o w s : 
4 . Determine the number of f u t u r e t r i p s t h a t w i l l 
be d i s t r i b u t e d from each zone t o each o ther zone 
by m u l t i p l y i n g the number o f f u t u r e t r i p ends 
i n each zone by the p r o p o r t i o n of t r i p ends g o ­
i n g t o each o ther zone as determined i n the p r e ­
v i o u s s t e p . This w i l l g i v e two t e n t a t i v e v a l u e s 
for each i n t e r z o n a l t r i p volume. 
The i n t e r z o n a l t r i p volumes for t h e example 
a r e : 
From Zone A t o Zone B = 50 x .50 = 25 
t o Zone C = 50 x .50 = 25 
From Zone B t o Zone A = 80 x .50 = 40 
t o Zone C = 80 x .50 = 40 
From Zone C t o Zone A = 90 x .50 = 45 
t o Zone B = 90 x .50 = 45 
5 . Determine t h e f i r s t approximation of each i n t e r ­
zonal t r i p volume by averag ing the two t e n t a t i v e 
v a l u e s found i n the p r e v i o u s s t e p . 
25 + 40 
Between Zones A and B = 2 = 3 5 . 5 (Say 36) 
Between Zones A and C = 
25 + 45 
2 = 55 
Between Zones A and C = 
25 + 40 
2 = 4 2 . 5 (Say 43) 
Determine t h e c a l c u l a t e d number of f u t u r e t r i p 
ends i n each zone by adding the f i r s t approxima­
t i o n of i n t e r z o n a l t r i p s t o or from each z o n e . 
C a l c u l a t e d number of f u t u r e t r i p ends for each 
z o n e i n t h e e x a m p l e i s a s f o l l o w s : 
Zone A = 33 + 35 = 68 
Zone B = 33 + 43 = 76 
Zone C = 35 + 43 = 78 
Compare t h e c a l c u l a t e d number of fu tur e t r i p ends 
i n each zone wi th the e s t i m a t e d number of f u t u r e 
t r i p ends i n each zone as deve loped i n t h e t r i p 
g e n e r a t i o n s e c t i o n . I f t h e two v a l u e s are not a p ­
p r o x i m a t e l y equal i n each zone , compute a c o r r e c ­
t i o n f a c t o r for each zone by d i v i d i n g t h e e s t i m a t e d 
number of f u t u r e t r i p ends by t h e c a l c u l a t e d num­
ber of fu ture t r i p e n d s . 
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C a l c u l a t e d Future Est imated Future 
Zone Trip Ends Trip Ends 
A 68 50 
B 76 80 
C 78 90 
A s can be seen the number o f c a l c u l a t e d and t h e 
number of e s t i m a t e d t r i p ends are not approximate­
l y equal i n each z o n e . There fore , t h e c o r r e c t i o n 
f a c t o r s for each zone a r e : 
Zone A = 50 /68 = .74 
Zone B = 80 /76 = 1 .06 
Zone C = 90 /78 = 1 .15 
8 . S u b s t i t u t i n g t h e c o r r e c t i o n f a c t o r s o b t a i n e d i n 
the p r e v i o u s s t e p for the growth f a c t o r s and s u b ­
s t i t u t i n g the f i r s t approximation of f u t u r e i n ­
t e r z o n a l t r i p volumes for t h e e x i s t i n g i n t e r z o n a l 
t r i p volumes, r e p e a t s t e p s 2 through 7. 
For each zone of t h e example t h e number of c a l ­
c u l a t e d and e s t i m a t e d f u t u r e t r i p ends i s as f o l ­
lows : 
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The second approximation y i e l d s t h e f o l l o w i n g : 
Using t h e above data from t h e second a p p r o x i ­
mation t h e new c o r r e c t i o n f a c t o r s w i l l b e : 
Zone A = 50 /55 = .91 
Zone B = 80 /81 = .99 
Zone C = 90 /86 = 1 .05 
Af ter the second approximation t h e d i f f e r e n c e 
between the known number o f t r i p ends and t h e 
c a l c u l a t e d number o f t r i p ends i n each zone i s 
reduced . This p r o c e s s can be repea ted as many 
t i m e s as n e c e s s a r y t o g e t the d e s i r e d l e v e l o f 
agreement between t h e s e two v a l u e s . The t h i r d 
approximation o f the number o f f u t u r e i n t e r ­
zonal t r i p s and c a l c u l a t e d t r i p ends i s : 
I n t e r z o n a l Tr ips 
Between Zones 
C a l c u l a t e d Trip 
Ends In 
A and B = 25 
A and C = 30 
B and C = 56 
Zone A = 55 
Zone B = 81 
Zone C = 86 
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I n t e r z o n a l Tr ips 
Between Zones 
C a l c u l a t e d Trip 
Ends In 
A and B = 22 
A and C = 29 
B and C = 59 
Zone A = 51 
Zone B = 81 
Zone C = 88 
Assuming t h a t i n the example the d i f f e r e n c e 
between t h e t h i r d approximation of the f u t u r e 
t r i p ends and t h e e s t i m a t e d fu ture t r i p ends i s 
i n s i g n i f i c a n t , t h e i n t e r z o n a l t r i p volumes d e ­
r i v e d i n t h e t h i r d approximation w i l l be accepted 
as the fu ture d i s t r i b u t i o n . 
T r a f f i c Assignment 
T r a f f i c ass ignment i s t h e p r o c e s s of a l l o c a t i n g t h e 
e s t i m a t e d f u t u r e t r i p s between each p a i r of zones t o v a r ­
i o u s s t r e e t s i n the t r a n s p o r t a t i o n s y s t e m . T r a f f i c a s s i g n ­
ment i s used t o t e s t t h e adequacy o f s t r e e t s t o carry t h e an­
t i c i p a t e d t r a f f i c t h a t w i l l t r a v e l on them. 
T r a f f i c ass ignment i s based on the premise t h a t a 
d r i v e r w i l l e v a l u a t e each r o u t e between a p a i r of zones and 
choose the one which o f f e r s t h e l e a s t r e s i s t a n c e t o t r a v e l . 
I t i s assumed t h a t he w i l l use t h i s r o u t e c o n t i n u o u s l y un­
l e s s c o n d i t i o n s on t h e r o u t e change or a r o u t e w i t h l e s s r e ­
s i s t a n c e becomes a v a i l a b l e . 
31 
The usua l c r i t e r i a used t o measure t r a v e l r e s i s t a n c e 
i s t r a v e l t i m e . However, t r a v e l d i s t a n c e , c o s t , and v a r i o u s 
combinat ions o f t h e s e c r i t e r i a have a l s o been used ( 1 2 ) . 
Two methods deve loped which use t r a v e l t ime as t h e measure 
o f t r a v e l r e s i s t a n c e are t h e a l l or no th ing method and t h e 
p r o p o r t i o n a l method. 
A l l or Nothing Method 
The a l l or no th ing method i s the s i m p l e s t method o f 
t r a f f i c a s s i g n m e n t . Using t h i s method a l l i n t e r z o n a l t r i p s 
are a s s i g n e d t o t h e r o u t e w i t h t h e minimum t r a v e l t ime b e ­
tween the z o n e s . In a smal l c i t y where t h e r e are few f e a s ­
i b l e r o u t e s between each p a i r o f zones t h e minimum t ime 
r o u t e w i l l u s u a l l y be apparent . A f t e r the i n t e r z o n a l t r i p 
volumes are a s s i g n e d t o t h e i r minimum t r a v e l t ime r o u t e 
t h e t r i p s on each route are t o t a l e d . By comparing t h e t o ­
t a l t r i p volume wi th t h e p r a c t i c a l c a p a c i t y on each r o u t e 
t h e c a p a c i t y d e f i c i e n c i e s i n t h e t r a n s p o r t a t i o n system can 
be de termined . 
Where t h e r e are no s i g n a l i z e d i n t e r s e c t i o n s t h e p r a c ­
t i c a l c a p a c i t y o f a s t r e e t i s d e f i n e d as t h e maximum number 
o f v e h i c l e s t h a t can p a s s a p o i n t per hour under p r e v a i l ­
i n g roadway c o n d i t i o n s w i t h o u t c o n g e s t i o n b e i n g so g r e a t 
as t o cause unreasonable hazard or d e l a y . Cond i t i ons of 
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t h e roadway w h i c h must b e m e a s u r e d t o d e t e r m i n e p r a c t i c a l c a ­
p a c i t y i n t h e s e a r e a s a r e : 
1 . w i d t h o f t h e t r a f f i c l a n e s ; 
2 . l a t e r a l c l e a r a n c e b e t w e e n t h e e d g e o f t h e p a v e ­
ment and any o b s t r u c t i o n ; 
3 . w i d t h o f t h e s h o u l d e r s ; 
4 . p e r c e n t o f t h e v e h i c l e s u s i n g t h e s t r e e t w h i c h 
a r e c o m m e r c i a l v e h i c l e s ; 
5 . a l i g n m e n t o f t h e roadway; and 
6 . grade of t h e roadway. 
Where t h e r e a r e s i g n a l i z e d i n t e r s e c t i o n s t h e c a p a c i t y 
o f a r o u t e i s l i m i t e d t o t h e c a p a c i t y o f t h e i n t e r s e c t i o n . 
The p r a c t i c a l c a p a c i t y o f an i n t e r s e c t i o n i s d e f i n e d a s t h e 
maximum number o f v e h i c l e s t h a t can p a s s a p o i n t p e r hour 
o f g r e e n t i m e , t i m e t h e t r a f f i c s i g n a l i s g r e e n i n t h e d i ­
r e c t i o n c a p a c i t y i s b e i n g m e a s u r e d , under e x i s t i n g c o n d i t i o n s 
w i t h o u t t h e v e h i c l e s w a i t i n g f o r more t h a n one c o m p l e t e s i g ­
n a l c y c l e . At an i n t e r s e c t i o n t h e c o n d i t i o n s w h i c h must b e 
m e a s u r e d t o d e t e r m i n e p r a c t i c a l c a p a c i t y a r e : 
1 . l o c a t i o n o f t h e i n t e r s e c t i o n (downtown, i n t e r ­
m e d i a t e o r o u t l y i n g ) ; 
2 . w i d t h o f i n t e r s e c t i o n ; 
3 . p e r c e n t o f v e h i c l e s u s i n g t h e i n t e r s e c t i o n 
w h i c h a r e c o m m e r c i a l v e h i c l e s ; 
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4 . parking r e s t r i c t i o n s a t the i n t e r s e c t i o n ; 
5 . per cent of t ime the s i g n a l i s green i n t h e d i ­
r e c t i o n i n which c a p a c i t y i s b e i n g measured; 
6 . bus s t o p s a t t h e i n t e r s e c t i o n ; 
7 . t ype of o p e r a t i o n (one-way or two-way); and 
8 . t u r n i n g movements a t t h e i n t e r s e c t i o n . 
The methods o f de termining p r a c t i c a l c a p a c i t y i f t h e 
roadway or i n t e r s e c t i o n c o n d i t i o n s are known are d e s c r i b e d 
i n t h e Highway Capaci ty Manual ( 1 3 ) . 
The major c r i t i c i s m of the a l l or n o t h i n g method of 
t r a f f i c ass ignment i s t h a t c e r t a i n r o u t e s are a s s i g n e d no 
t r a f f i c w h i l e o t h e r r o u t e s are loaded beyond t h e i r c a p a c i t y . 
This i s due t o t h e f a c t t h a t t h e a l l or no th ing method a s ­
sumes t h a t a l l t r a f f i c between a p a i r o f zones w i l l use the 
minimum t ime r o u t e r e g a r d l e s s o f t h e c o n g e s t i o n on t h e r o u t e . 
However, J . Douglas C a r r o l l , J r . , Deputy D i r e c t o r of t h e 
T r i - S t a t e T r a n s p o r t a t i o n Committee, has s a i d t h a t t h i s 
o v e r l o a d i n g o f c e r t a i n r o u t e s has t h e advantage o f magni­
f y i n g p o i n t s where improvements i n f a c i l i t i e s are needed 
t h e most ( 1 4 ) . 
I t i s t h e a u t h o r ' s o p i n i o n t h a t t h e t r a f f i c volume 
which w i l l use r o u t e s o ther than t h e minimum t ime r o u t e can 
be e s t i m a t e d by a s s i g n i n g the volume on t h e minimum t ime 
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r o u t e i n e x c e s s of i t s c a p a c i t y t o t h e n e x t b e s t t r a v e l t ime 
r o u t e . S i m i l a r l y t h e t r a f f i c volume i n e x c e s s of the capa­
c i t y of t h e s e two r o u t e s should be a s s i g n e d t o t h e t h i r d 
b e s t t ime r o u t e . The assumption i s made i n a s s i g n i n g t h i s 
e x c e s s t r a f f i c t o a l t e r n a t e r o u t e s , t h a t o n l y t h e t r a f f i c 
volume i n e x c e s s of p r a c t i c a l c a p a c i t y on t h e minimum t ime 
r o u t e i s a s s i g n e d t o o ther r o u t e s . This assumption may be 
c r i t i c i z e d as b e i n g u n r e a l i s t i c . However, i t i s t h e a u t h o r ' s 
o p i n i o n t h a t i n a smal l c i t y where t h e r e are few r o u t e s b e ­
tween each p a i r of zones t h i s assumption w i l l be v a l i d and 
t h a t t h i s e x t r a s t e p w i l l improve t h e r e s u l t s of t h e a l l or 
n o t h i n g method. 
P r o p o r t i o n a l Method 
The i n a b i l i t y of t h e a l l or n o t h i n g method t o a s s i g n 
t r a f f i c t o r o u t e s o t h e r than t h e minimum t ime r o u t e l e d t o 
t h e development of t h e p r o p o r t i o n a l or "capac i ty r e s t r a i n t " 
method o f a s s i g n i n g i n t e r z o n a l t r a f f i c . 
Using t h i s method, t r a f f i c i s a s s i g n e d t o t h e v a r i o u s 
r o u t e s between a p a i r of zones i n p r o p o r t i o n t o t h e i n v e r s e 
of t h e t r a v e l t ime on t h e r o u t e s . 
The f o l l o w i n g s t e p s are i n v o l v e d i n t h i s method. 
1 . The i n i t i a l t r a v e l t ime on each r o u t e between a 
p a i r of zones i s determined by d i v i d i n g t h e 
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d i s t a n c e of each r o u t e by t h e r o u t e ' s l e g a l speed 
l i m i t . 
2 . A l l i n t e r z o n a l t r i p s are a s s i g n e d t o t h e r o u t e 
between each p a i r of zones hav ing t h e minimum 
i n i t i a l t r a v e l t i m e . 
3 . From t h e e m p i r i c a l l y d e r i v e d c a p a c i t y f u n c t i o n 
curves shown i n F igure 4 on page 36 a new t r a v e l 
t ime for each r o u t e a s s i g n e d t r a f f i c i s de termined . 
4 . Assuming t h a t t h e t r a v e l t ime on t h e i n i t i a l min­
imum t ime r o u t e i s t h e t ime determined i n s t e p 
3 , t h e t ime on a l l r o u t e s between each p a i r of 
zones i s examined and t h e minimum t ime r o u t e i s 
aga in s e l e c t e d . I f a f t e r changing t h e t ime on 
t h e i n i t i a l l y s e l e c t e d minimum t ime r o u t e i t i s 
s t i l l t h e minimum, i t i s aga in s e l e c t e d , o t h e r ­
w i s e , a new r o u t e i s s e l e c t e d as the minimum 
t ime r o u t e . 
5 . The i n t e r z o n a l t r i p s are then a s s i g n e d t o t h e 
i n i t i a l l y s e l e c t e d r o u t e and t o t h e newly s e ­
l e c t e d r o u t e between each p a i r of zones i n p r o ­
p o r t i o n t o t h e i n v e r s e of t h e t r a v e l t ime on each 
of t h e r o u t e s . 
6 . Again t h e t r a v e l t ime on each of t h e r o u t e s 
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a s s i g n e d t r a f f i c i s r e v i s e d a c c o r d i n g t o t h e 
c u r v e s i n F i g u r e 4 a n d t h e m i n i m u m t i m e r o u t e 
b e t w e e n e a c h p a i r o f z o n e s i s s e l e c t e d . 
7 . T r i p s a r e a g a i n a s s i g n e d t o t h e n e w r o u t e a n d t o 
t h e p r e v i o u s l y s e l e c t e d r o u t e s i n p r o p o r t i o n t o 
t h e i n v e r s e o f t h e t r a v e l t i m e o n e a c h r o u t e . 
8 . S t e p s 6 a n d 7 a r e r e p e a t e d u n t i l n o n e w m i n i m u m 
t i m e r o u t e s a r e s e l e c t e d . A t t h i s p o i n t t h e t r a f ­
f i c v o l u m e w h i c h l a s t w a s p r o p o r t i o n a t e l y a s ­
s i g n e d t o e a c h r o u t e i s t h e f i n a l a s s i g n m e n t . 
T h e p r o p o r t i o n a l a s s i g n m e n t m e t h o d i s a m o r e r e a l i s t i c 
a p p r o a c h t o t r a f f i c a s s i g n m e n t b e c a u s e i t e x p r e s s e s t h e d e ­
p a r t u r e o f t r a f f i c f r o m t h e m i n i m u m t i m e r o u t e a s t r a f f i c 
v o l u m e a n d h e n c e t r a v e l t i m e o n i t i n c r e a s e s . H o w e v e r , i t 
h a s t h e d i s a d v a n t a g e o f n o t b e i n g a s i m p l e p r o c e d u r e a s i s 
t h e a l l o r n o t h i n g m e t h o d . 
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CHAPTER I I I 
MATHEMATICAL MODEL METHOD OF PREDICTING FUTURE TRAFFIC 
This chapter w i l l p r e s e n t t h e second o f two methods 
o f p r e d i c t i n g fu ture s t r e e t t r a f f i c i n t h e urban area of a 
smal l c i t y . This method u t i l i z e s a mathematical model for 
d i s t r i b u t i n g f u t u r e s t r e e t t r a f f i c . A mathematical model 
has been d e f i n e d as " . . . a mathematical s ta tement o f o b ­
served r e l a t i o n s h i p s . " (15) 
This method does not r e q u i r e a complete o r i g i n and 
d e s t i n a t i o n s u r v e y . I t i s c o m p l e t e l y a p p l i c a b l e i n areas 
which are p r e s e n t l y undeveloped but are e x p e c t e d t o deve lop 
i n t h e f u t u r e . Unl ike the Fratar method, t h e mathematical 
model method d i r e c t l y r e c o g n i z e s t h e e f f e c t of t r a v e l t ime on 
t r i p making. Computer programs have been w r i t t e n which make 
computat ions i n v o l v e d when u t i l i z i n g t h e mathematical model 
method. The main d i sadvantage of t h e mathematical model i s 
t h e at tempted a p p l i c a t i o n of a mathematical s ta tement t o hu­
man b e h a v i o r . That i s , t h e mathematical model a t t empts t o 
e x p r e s s i n a few measureable v a r i b l e s a l l of t h e f a c t o r s a 
d r i v e r c o n s i d e r s i n making t r i p s . While good r e s u l t s have 
been a t t a i n e d u t i l i z i n g models , t h e r e i s no as surance t h a t 
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human b e h a v i o r w i l l f o l l o w a p r e d e t e r m i n e d m a t h e m a t i c a l 
s t a t e m e n t . 
The v a r i o u s s t e p s o f t h e m a t h e m a t i c a l m o d e l m e t h o d a r e : 
( 1 ) l a n d u s e s u r v e y ; ( 2 ) d e l i n e a t i o n o f t r a f f i c z o n e s ; ( 3 ) 
l a n d u s e f o r e c a s t ; ( 4 ) d e t e r m i n a t i o n o f t r i p e n d s ; ( 5 ) t r a ­
v e l t i m e s u r v e y ; ( 6 ) d i s t r i b u t i o n o f i n t e r z o n a l t r i p s ; a n d 
( 7 ) t r a f f i c a s s i g n m e n t . The l a n d u s e s u r v e y , t h e d e l i n e a t i o n 
o f t r a f f i c z o n e s , a n d t h e l a n d u s e f o r e c a s t a r e p e r f o r m e d i n 
t h e s a m e m a n n e r a s w a s d e s c r i b e d i n t h e p r e c e d i n g c h a p t e r . 
The o t h e r s t e p s w i l l b e d i s c u s s e d i n t h i s c h a p t e r . 
D e t e r m i n a t i o n o f T r i p E n d s 
The c o m p l e t e o r i g i n a n d d e s t i n a t i o n s u r v e y d e s c r i b e d 
i n t h e p r e v i o u s c h a p t e r p r o v i d e s d a t a o n t h e e x i s t i n g n u m b e r 
o f i n t e r z o n a l t r i p s a n d t h e e x i s t i n g n u m b e r o f t r i p e n d s i n 
e a c h z o n e . A l t h o u g h d a t a o n t h e n u m b e r o f t r i p e n d s i n e a c h 
z o n e a r e r e q u i r e d f o r t h e m a t h e m a t i c a l m o d e l m e t h o d , d a t a 
o n t h e e x i s t i n g n u m b e r o f i n t e r z o n a l t r i p s a r e n o t . I n o r ­
d e r t o s a v e t h e t i m e a n d m o n e y r e q u i r e d f o r a c o m p l e t e o r i ­
g i n a n d d e s t i n a t i o n s u r v e y s i m p l i f i e d m e t h o d s o f d e t e r m i n ­
i n g t h e n u m b e r o f t r i p e n d s i n e a c h z o n e h a v e b e e n d e v e ­
l o p e d . Two s u c h m e t h o d s a r e : ( 1 ) t h e u s e o f a s m a l l s a m ­
p l e home i n t e r v i e w s u r v e y ; a n d ( 2 ) t h e u s e o f r e l a t i o n s h i p s 
b e t w e e n t r i p e n d s a n d l a n d u s e a n d l a n d u s e i n t e n s i t y d e r i v e d 
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i n o ther c i t i e s which have conducted a complete o r i g i n and 
d e s t i n a t i o n s u r v e y . 
In a r e c e n t s tudy made by Bob L. Smith, A s s o c i a t e Pro­
f e s s o r o f C i v i l Eng ineer ing a t Kansas S t a t e U n i v e r s i t y , t h e 
e x i s t i n g number of t r i p ends i n each zone was determined by 
the complete o r i g i n and d e s t i n a t i o n survey as d e s c r i b e d i n 
t h e p r e v i o u s chapter ( 1 6 ) . A f i v e per cent sample was then 
s e l e c t e d from t h e home i n t e r v i e w survey and t h e t r i p ends i n 
each zone were determined based on ly on t h e smal l er sample . 
The number of t r i p o r i g i n s and d e s t i n a t i o n s i n each zone 
determined by t h e smal l sample were compared w i t h t h e num­
ber determined by t h e complete o r i g i n and d e s t i n a t i o n s u r ­
v e y . The s tudy then concluded t h a t e x i s t i n g t r i p o r i g i n s 
and d e s t i n a t i o n s i n each zone are adequate ly e s t i m a t e d from 
a smal l sample home i n t e r v i e w s u r v e y . 
Once the e x i s t i n g number of t r i p ends i n each zone 
have been determined by t h e above method, t h e r e l a t i o n s h i p s 
between t r i p ends and land use and land use i n t e n s i t y should 
be determined by t h e method d e s c r i b e d i n t h e Trip Generat ion 
s e c t i o n of t h e p r e v i o u s c h a p t e r . These r e l a t i o n s h i p s should 
then be a p p l i e d t o a f o r e c a s t o f f u t u r e land use and land use 
i n t e n s i t y t o determine t h e f u t u r e number of t r i p ends i n 
each z o n e . 
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The second s i m p l i f i e d method of de termin ing t r i p ends 
i n each zone i s t h e use of r e l a t i o n s h i p s between t r i p ends 
and land use and land use i n t e n s i t y d e r i v e d i n some o t h e r 
c i t y which has made an o r i g i n and d e s t i n a t i o n s u r v e y . Us ­
i n g t h i s method, t h e s e r e l a t i o n s h i p s are a p p l i e d d i r e c t l y 
t o the f u t u r e land use and land use i n t e n s i t y t o determine 
f u t u r e t r i p e n d s . A s tudy conducted by t h e Missour i High­
way Department used t h i s method t o determine f u t u r e t r i p 
ends i n Cape Girardeau ( 1 7 ) . The r e l a t i o n s h i p s used i n 
t h i s s tudy were d e r i v e d i n J o p l i n , M i s s o u r i . The Iowa 
Highway Department has also u t i l i z e d t h i s method. Future 
t r i p ends i n s i x Iowa c i t i e s were e s t i m a t e d from t h e r e l a ­
t i o n s h i p s d e r i v e d i n Cedar Rapids ( 1 8 ) . 
Travel Time Survey 
The purpose of t h e t r a v e l t ime survey i s t o d e t e r ­
mine t h e t ime i t t a k e s t o t r a v e l between each p a i r o f 
t r a f f i c z o n e s . S e v e r a l p o s s i b l e methods can be used t o 
determine t r a v e l t i m e . However, t h e method most o f t e n used 
and the one which g i v e s t h e b e s t r e s u l t s i s t h e f l o a t i n g 
car method ( 1 9 ) . 
Persons c o l l e c t i n g data by t h e f l o a t i n g car method 
d r i v e an automobi le i n t r a f f i c on each s t r e e t for which 
t r a v e l t ime data are d e s i r e d . The d r i v e r m a i n t a i n s 
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approximate ly the same speed as the t r a f f i c around him and 
p a s s e s t h e same number o f c a r s t h a t p a s s him. An observer 
i n the car records t h e t ime i t t a k e s t o t r a v e l between a l l 
major i n t e r s e c t i o n s . This p r o c e s s i s r e p e a t e d s e v e r a l t i m e s 
and the average t ime between each i n t e r s e c t i o n i s recorded 
and used as t h e t r a v e l t ime for t h a t s e c t i o n of the s t r e e t . 
The data should be c o l l e c t e d during t h e peak hour on a day 
when t r a f f i c i s not abnormal, p r e f e r a b l y Tuesday, Wednesday 
or Thursday. 
D i s t r i b u t i o n of I n t e r z o n a l Tr ips 
A f t e r t h e fu ture number of t r i p ends i n each zone and 
t h e t r a v e l t ime between each p a i r of zones have been e s t i ­
mated, i t w i l l be n e c e s s a r y t o d i s t r i b u t e f u t u r e i n t e r z o n a l 
t r i p s . A s e p a r a t e d i s t r i b u t i o n of i n t e r z o n a l t r i p s should 
be made for each t r i p purpose c a t e g o r y . * 
Two mathematica l models which have been deve loped t o 
d i s t r i b u t e i n t e r z o n a l t r i p s are t h e g r a v i t y model and t h e 
competing o p p o r t u n i t i e s model . 
Grav i ty Model 
The g r a v i t y model f o r d i s t r i b u t i n g i n t e r z o n a l t r i p s 
* Trip purpose c a t e g o r i e s are d e s c r i b e d i n t h e Trip 
Generat ion s e c t i o n of the p r e v i o u s c h a p t e r . 
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was deve loped by Alan Voorhees of Alan Voorhees and A s s o ­
c i a t e s , I n c . , t r a n s p o r t a t i o n p l a n n i n g c o n s u l t a n t s ( 2 0 ) . I t 
adapts t h e g r a v i t a t i o n a l t h e o r y , advanced by I s a a c Newton 
i n 1686, t o t h e problem of t r a f f i c d i s t r i b u t i o n . The theory 
can g e n e r a l l y be s t a t e d i n the f o l l o w i n g manner. The number 
of t r i p s made between a p a i r of zones i s d i r e c t l y propor­
t i o n a l t o t h e t r i p a t t r a c t i o n of each zone and i n v e r s e l y 
p r o p o r t i o n a l t o t h e t r a v e l t ime between t h e s e z o n e s . That 
i s , t r i p s are g e n e r a l l y made t o t h e most a t t r a c t i v e of t h e 
p o s s i b l e d e s t i n a t i o n s which have t h e minimum t r a v e l t i m e . 
S p e c i f i c a l l y , t h e t r i p s o r i g i n a t i n g i n each zone are d i s ­
t r i b u t e d t o each o ther zone i n p r o p o r t i o n t o t h e product o f 
t h e number of t r i p d e s t i n a t i o n s i n t h e zone and t h e t r a v e l 
t ime f a c t o r for t h e zone, r e l a t i v e t o t h e product s of t h e 
t r i p d e s t i n a t i o n s and t h e t r a v e l t ime f a c t o r for a l l zones 
t o which t r i p s are b e i n g d i s t r i b u t e d . Travel t ime f a c t o r s 
e x p r e s s t h e average area-wide e f f e c t o f p h y s i c a l s e p a r a t i o n 
between zones on i n t e r z o n a l t r i p s . Mathemat ica l ly t h e 
g r a v i t y model can be w r i t t e n as f o l l o w s : 
T ( i - j ) = P i A J F ( i - j ) (1) 
n 
j = l 
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W h e r e : i = The z o n e f r o m w h i c h t r i p s a r e b e i n g d i s ­
t r i b u t e d . 
j = The z o n e t o w h i c h t r i p s a r e b e i n g d i s ­
t r i b u t e d . 
T ( i — j ) = T r i p s g o i n g f r o m z o n e i t o z o n e j . 
Pj_ = T r i p o r i g i n s i n z o n e i . 
A j = T r i p d e s t i n a t i o n s i n z o n e j . 
F ( i _ j ) = T r a v e l t i m e f a c t o r s f o r t r i p s b e t w e e n 
z o n e i a n d z o n e j . 
I n o r d e r t o c a l c u l a t e t h e n u m b e r o f i n t e r z o n a l t r i p s 
i t i s n e c e s s a r y t o d e t e r m i n e t h e f o l l o w i n g : 
1 . t h e n u m b e r o f t r i p o r i g i n s i n e a c h z o n e , d e s i g ­
n a t e d i n t h e f o r m u l a b y Pj_; 
2 . t h e n u m b e r o f t r i p d e s t i n a t i o n s i n e a c h z o n e , 
d e s i g n a t e d i n t h e f o r m u l a b y A j ; 
3 . a t r a v e l t i m e f a c t o r f o r e a c h p a i r o f z o n e s , 
d e s i g n a t e d i n t h e f o r m u l a b y F ( i _ j ) . 
The n u m b e r o f o r i g i n s a n d d e s t i n a t i o n s i n e a c h z o n e i s 
e s t i m a t e d u t i l i z i n g t h e m e t h o d d e s c r i b e d i n t h e D e t e r m i n a t i o n 
o f T r i p E n d s s e c t i o n o f t h i s c h a p t e r . 
T r a v e l t i m e f a c t o r s a r e d e t e r m i n e d f o r t h e t r a v e l t i m e 
b e t w e e n e a c h p a i r o f z o n e s f r o m t h e e m p i r i c a l l y d e r i v e d 
c u r v e s f o r e a c h t r i p p u r p o s e s h o w n i n F i g u r e s 5, 6 a n d 7 o n 
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pages 46 , 47 and 48 r e s p e c t i v e l y . These curves were d e r i v e d 
i n a t r a n s p o r t a t i o n s tudy made under t h e d i r e c t i o n of t h e 
Bureau of P u b l i c Roads i n Hutchinson, Kansas (21) . Char les 
F. Barnes , J r . , an a s s o c i a t e w i t h Alan Voorhees and A s s o ­
c i a t e s , s t a t e s t h a t s i n c e t r a v e l t ime f a c t o r curves are so 
n e a r l y s i m i l a r nat ionwide very l i t t l e error would be i n t r o ­
duced by u s i n g t r a v e l t ime f a c t o r curves from o ther c i t i e s ( 2 2 ) * . 
To summarize, t h e s t e p s i n d i s t r i b u t i n g t r i p s by t h e 
g r a v i t y model and a s imple example i l l u s t r a t i n g the use of 
t h e s e s t e p s w i l l be p r e s e n t e d . 
Consider t h e s imple t h r e e zone s i t u a t i o n shown i n F i ­
gure 8 on page 49 w i t h t h e n e c e s s a r y data g i v e n i n Table 2 . 
Table 2 . Known Data i n t h e Example S i t u a t i o n 
Est imated Est imated Travel Time 
Zone Future Trip Future Trip Between Travel 
O r i g i n s D e s t i n a t i o n s Zones Time 
A 25 25 A-B 14 
B 40 40 B-C 20 
C 45 45 A-C 6 .5 
* Should a c i t y p r e f e r t o d e r i v e i t s own curves r a t h e r 
than use t h o s e p r e s e n t e d h e r e , the method of d e r i v i n g them i s 
d e s c r i b e d i n r e f e r e n c e 2 3 . The d e r i v a t i o n o f t h e s e curves r e ­
q u i r e s t h a t data from an o r i g i n and d e s t i n a t i o n survey be 
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Figure 8 . Travel Time Between Zones i n t h e Example 
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The f o l l o w i n g s t e p s are used t o d i s t r i b u t e i n t e r z o n a l 
t r i p s u s i n g t h e g r a v i t y model . 
1 . Determine t h e t r a v e l t ime f a c t o r f o r t h e t r a v e l 
t ime between each p a i r of zones from t h e curves 
i n F i g u r e s 5, 6 and 7. 
From Figure 5 (assuming t h a t home based work 
t r i p s are b e i n g d i s t r i b u t e d ) t h e t r a v e l t ime 
f a c t o r s w i l l b e : 
Between Zones A and B = 1 .00 
Between Zones B and C = .50 
Between Zones A and C = 2 .00 
2 . Determine the a t t r a c t i v e n e s s each zone has for 
t r i p s from each o t h e r zone by m u l t i p l y i n g t h e 
number of t r i p d e s t i n a t i o n s i n each zone by t h e 
t r a v e l t ime f a c t o r corresponding t o t h e t r a v e l 
t ime between i t and t h e zone from which t r i p s 
are b e i n g d i s t r i b u t e d . 
The a t t r a c t i v e n e s s v a l u e s for the zones i n t h e 
example are as f o l l o w s : 
A t t r a c t i v e n e s s Zone A has for t r i p s from; 
Zone B = 1 .0 x 25 = 25 
Zone C = 2 . 0 x 25 = 50 
A t t r a c t i v e n e s s Zone B has for t r i p s from; 
Zone A = 1 .0 x 40 40 
Zone C = 0 .5 x 25 = 20 
A t t r a c t i v e n e s s Zone C has for t r i p s from; 
Zone B = 0 .5 x 45 = 2 2 . 5 
Zone A = 2 . 0 x 45 = 90 
Sum t h e product s of the t r i p d e s t i n a t i o n and t h e 
t r a v e l t ime f a c t o r s found i n s t e p s (2) for a l l o f 
the zones which have a t r i p i n t e r c h a n g e w i t h t h e 
zone from which t r i p s are b e i n g d i s t r i b u t e d . 
For t r i p s from each zone i n t h e example t h e 
sums are as f o l l o w s : 
Zone A the Sum = 40 + 90 = 130 
Zone B the Sum = 25 + 2 2 . 5 = 4 7 . 5 
Zone C t h e Sum = 50 + 20 = 70 
52 
4 . Determine t h e p r o p o r t i o n o f t r i p o r i g i n s t h a t 
w i l l be d i s t r i b u t e d from each zone t o each o t h e r 
zone by d i v i d i n g the product of t h e t r i p d e s t i ­
n a t i o n and the t r a v e l t ime f a c t o r for the zone 
i n q u e s t i o n by the sum of t h e product s d e t e r ­
mined i n s t e p (3) . 
Propor t ion of t r i p o r i g i n s i n each zone go ing 
t o each o ther zone i n the example i s as f o l l o w s : 
40 
Zone A to Zone B = 130 = .31 
90 
t o Zone C = 130 = .69 
25 
Zone B t o Zone A = 4 7 . 5 = .53 
2 2 . 5 
t o Zone B = 4 7 . 5 = .47 
50 
Zone C t o Zone A = 70 = .71 
20 
t o Zone B = 70 = .29 
5 . Determine the number of t r i p s d i s t r i b u t e d t o each 
zone by m u l t i p l y i n g the t o t a l t r i p o r i g i n s i n t h e 
zone from which t r i p s are b e i n g d i s t r i b u t e d by t h e 
p r o p o r t i o n of t r i p s go ing t o each o t h e r z o n e . 
The number of t r i p s from each zone t o each 
o ther zone i n the example i s as f o l l o w s : 
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Zone A t o Zone B = 25 x .31 = 8 
t o Zone C = 25 x .69 = 17 
Zone B t o Zone A = 40 x .53 = 21 
t o Zone C = 40 x .47 = 19 
Zone C t o Zone A = 45 x .71 = 32 
t o Zone B = 45 x .29 = 13 
Competing O p p o r t u n i t i e s Model 
The competing o p p o r t u n i t i e s model for d i s t r i b u t i n g i n ­
t e r z o n a l t r i p s was deve loped by Anthony Tomazinis , A s s i s t a n t 
P r o f e s s o r o f C i ty Planning a t t h e U n i v e r s i t y of P e n n s y l v a n i a , 
t o ana lyze 1960 o r i g i n and d e s t i n a t i o n data gathered by t h e 
Penn-Jersey T r a n s p o r t a t i o n Study (24) . The b a s i c concept o f 
t h i s method i s t h a t t h e p r o b a b i l i t y t h a t a t r i p w i l l go t o 
a zone depends on t h e r a t i o of t h e t r i p o p p o r t u n i t i e s i n 
t h a t zone t o t h e competing o p p o r t u n i t i e s w i t h i n t h e same 
t r a v e l t ime from the zone o f o r i g i n . The number o f oppor­
t u n i t i e s i n a zone i s equal t o t h e number of t r i p d e s t i n a ­
t i o n s i n t h e z o n e . 
Using t h e competing o p p o r t u n i t i e s model t h e number of 
t r i p s d i s t r i b u t e d from one zone t o another i s equal t o the 
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t o t a l t r i p o r i g i n s i n t h e zone from which t r i p s are b e i n g 
d i s t r i b u t e d m u l t i p l i e d by t h e a d j u s t e d p r o b a b i l i t y of t r i p s 
b e i n g a t t r a c t e d t o t h a t zone . This i s e x p r e s s e d mathematic­
a l l y as f o l l o w s : 
T ± j = T ± P^ (2) 
Where: Tj_j = Tr ips o r i g i n a t i n g i n zone i and t e r m i ­
n a t i n g i n zone j . 
Tj_ = Number o f t r i p s o r i g i n a t i n g i n zone i . 
Pj = The a d j u s t e d p r o b a b i l i t y of t r i p s go ing 
from zone i t o zone j . 
The number o f f u t u r e t r i p o r i g i n s and d e s t i n a t i o n s i n 
each zone i s e s t i m a t e d u t i l i z i n g t h e methods d i s c u s s e d i n t h e 
Determinat ion of Trip Ends s e c t i o n of t h i s c h a p t e r . 
In order t o determine t h e a d j u s t e d p r o b a b i l i t y i t i s 
n e c e s s a r y t o draw a s e r i e s o f c o n c e n t r i c r i n g s around t h e 
c e n t e r of t h e zone from which t r i p s are b e i n g d i s t r i b u t e d . 
An example o f such a s e r i e s o f r i n g s i s shown i n F igure 9 on 
page 5 5 . 
These r i n g s r e p r e s e n t v a r i o u s u n i t s of t r a v e l t ime 
from the zone i n q u e s t i o n . These u n i t s can be 2, 3 , 6, or 
any t ime i n t e r v a l , i n m i n u t e s , a p a r t . The area i n c l o s e d by 
each s u c c e s s i v e r i n g i s known as a t ime c o d e . For example, 
Figure 9 . Example o f Time Codes 
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t h e area i n t ime code one might i n c l u d e t h e area w i t h i n two 
minutes t r a v e l t ime from t h e c e n t e r of t h e zone of o r i g i n , 
t h e area i n t ime code two would then be t h e area w i t h i n 
four minutes t r a v e l t ime of t h e zone i n q u e s t i o n , and t h e 
area i n t ime code t h r e e would be t h e area w i t h i n s i x min­
u t e s t r a v e l t ime from t h e zone of o r i g i n . There fore , a l l 
zones i n t h e urban area w i l l l i e w i t h i n some t ime code of 
t h e zone of o r i g i n . A zone i s c o n s i d e r e d t o l i e i n t h e 
t ime code i n which t h e c e n t e r of t h e zone l i e s . The l o n g ­
er t h e t r a v e l t ime between a zone of o r i g i n and a zone d e s ­
t i n a t i o n t h e l a r g e r i s the number of o t h e r zones which are 
a l s o i n c l u d e d i n t h e same t ime c o d e . This i s t h e b a s i s of 
t h e competing o p p o r t u n i t i e s model . The f a r t h e r i n t r a v e l 
t ime a zone of d e s t i n a t i o n i s from a zone of o r i g i n t h e 
more c o m p e t i t i o n i t has from o t h e r zones of d e s t i n a t i o n i n 
a t t r a c t i n g t r i p s . The p r o b a b i l i t y of a t r i p go ing from zone 
i t o zone j i s equal t o t h e number of d e s t i n a t i o n s a t zone 
j d i v i d e d by t h e t o t a l d e s t i n a t i o n s i n t h e t ime code i n 
which zone j l i e s . This i s e x p r e s s e d m a t h e m a t i c a l l y as 
f o l l o w s : 
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Where: Dj = The number of t r i p d e s t i n a t i o n s i n 
zone j . 
D-t = The t o t a l t r i p d e s t i n a t i o n s i n t h e t ime 
code i n which zone j l i e s . 
Pj = P r o b a b i l i t y of a t r i p b e i n g a t t r a c t e d 
from zone i t o zone j . 
For each zone o f d e s t i n a t i o n i n t h e urban area t h e 
p r o b a b i l i t y of a t t r a c t i n g t r i p s from zone i can be c a l c u ­
l a t e d . However, the p r o b a b i l i t i e s w i l l have t o be a d j u s t e d 
i n order t h a t t h e sum of a l l t h e p r o b a b i l i t i e s w i l l be 
equal t o 1 . 0 0 . The a d j u s t e d p r o b a b i l i t y i s determined by 
d i v i d i n g each p r o b a b i l i t y by t h e sum of t h e p r o b a b i l i t i e s 
over t h e e n t i r e urban a r e a . That i s : 





Where: j = zone t o which t r i p s are b e i n g d i s ­
t r i b u t e d . 
k = a l l zones t o which t r i p s are b e i n g 
d i s t r i b u t e d i n c l u d i n g zone j . 
P^ = a d j u s t e d p r o b a b i l i t y of a t r i p b e ­
i n g a t t r a c t e d from zone i t o zone j 
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P• = p r o b a b i l i t y of a t r i p b e i n g a t ­
t r a c t e d from zone i t o zone j . 
n 
^ P K = t h e sum of a l l the p r o b a b i l i t i e s 
K=l 
of a t t r a c t i n g t r i p s from zone i 
over the e n t i r e a r e a . 
Af t er the a d j u s t e d p r o b a b i l i t y (Pj) i s determined for 
each zone as d e s c r i b e d above, i t can be used i n Equation (2) 
t o determine f u t u r e i n t e r z o n a l t r i p s . 
To summarize the competing o p p o r t u n i t i e s model t h e 
s t e p s i n d i s t r i b u t i n g t r i p s and a s imple example i l l u s t r a t ­
i n g t h e use of t h e s e s t e p s w i l l be p r e s e n t e d . 
Consider t h e s i t u a t i o n shown i n F igure 10 on page 59 
wi th the n e c e s s a r y data g i v e n i n Table 3 . 
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Figure 1 0 . Locat ion o f Zones w i t h Respect t o t h e Time Codes 
of Zone A 
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The s t e p s i n d i s t r i b u t i n g t r i p s by the competing o p ­
p o r t u n i t i e s model are as f o l l o w s : 
1 . D e l i n e a t e a s e r i e s of t ime codes around each 
zone based on t r a v e l t ime from the c e n t e r of the 
z o n e . 
The t ime code for Zone A of the example are 
shown i n F igure 1 0 . 
2 . Determine t h e t o t a l t r i p d e s t i n a t i o n s i n each 
t ime code by adding t h e d e s t i n a t i o n s i n a l l 
zones w i t h i n each t ime c o d e . 
T o t a l s for the example problem are t a b u l a t e d 
i n Table 3 . 
3 . Determine t h e p r o b a b i l i t y o f each zone a t t r a c t ­
i n g t r i p s from t h e zone from which t r i p s are b e ­
i n g d i s t r i b u t e d by d i v i d i n g the t r i p d e s t i n a ­
t i o n s i n each zone by t h e t o t a l d e s t i n a t i o n s 
i n t h e same t ime c o d e . 
The p r o b a b i l i t y of each zone a t t r a c t i n g t r i p s 
from Zone A i n t h e example i s as f o l l o w s : 
Zone B = 10 /45 = .22 Zone E = 10 /45 = .10 
Zone C = 20 /45 = .44 Zone F = 5 /95 = .05 
Zone D = 15 /45 = .34 Zone G = 20 /95 = .21 
Tota l 1 .00 Zone H = 15 /45 = .16 
Tota l .52 
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4 . Determine for each zone t h e a d j u s t e d p r o b a b i l i t y 
of a t t r a c t i n g t r i p s from each o t h e r zone by d i ­
v i d i n g t h e p r o b a b i l i t y of the zone i n q u e s t i o n 
by t h e sum of t h e p r o b a b i l i t i e s of a l l t h e z o n e s . 
The sum of a l l the p r o b a b i l i t i e s i n t h e e x ­
ample i s 1 .52 and t h e a d j u s t e d p r o b a b i l i t y of 
each a t t r a c t i n g t r i p s from Zone A of t h e example 
i s as f o l l o w s : 
Zone B = . 2 2 / 1 . 5 2 = .15 
Zone C = . 4 4 / 1 . 5 2 = .29 
Zone D = . 3 4 / 1 . 5 2 = .22 
Zone E = . 1 0 / 1 . 5 2 = .07 
Zone F = . 0 5 / 1 . 5 2 = .03 
Zone G = . 2 1 / 1 . 5 2 = .14 
Zone H = . 1 6 / 1 . 5 2 = .10 
Tota l 1 .00 
5 . Determine t h e number of t r i p s t h a t w i l l be d i s ­
t r i b u t e d from each zone t o each o t h e r zone by 
m u l t i p l y i n g t h e number of t r i p o r i g i n s i n each 
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zone by each o t h e r z o n e ' s a d j u s t e d p r o b a b i l i t y 
o f a t t r a c t i n g t r i p s from i t . 
The number o f t r i p s d i s t r i b u t e d t o each zone 
from Zone A of t h e example i s as f o l l o w s : 
Zone B = 30 x .15 = 5 Tr ips 
Zone C = 30 x .29 = 8 Tr ips 
Zone D = 30 x .22 = 7 Tr ips 
Zone E = 30 x .07 = 2 Tr ips 
Zone F = 30 x .03 = 1 Trip 
Zone G = 30 x .14 = 4 Tr ips 
Zone H = 30 x .10 = 3 Tr ips 
Tota l 30 Tr ips 
The same p r o c e s s as d e s c r i b e d above should be repea ted 
for each zone i n t h e urban a r e a . 
T r a f f i c Assignment 
The a l l or n o t h i n g and the p r o p o r t i o n a l methods o f 
t r a f f i c ass ignment as a p p l i e d t o t h e Fratar method are a l s o 
a p p l i c a b l e t o t h e mathematical mode l s . In a d d i t i o n , t h e p r o ­
p o r t i o n a l method can be c a r r i e d another s t e p i n u t i l i z i n g 
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t h e mathematical model methods of t r i p d i s t r i b u t i o n . This 
a d d i t i o n a l s t e p i n v o l v e s a feedback of the new t r a v e l t imes 
on each r o u t e t o t h e mathematical model used t o d i s t r i b u t e 
i n t e r z o n a l t r i p s . The d e t e r m i n a t i o n of t h e new t r a v e l t ime 
was d i s c u s s e d i n Step 6 of the p r o p o r t i o n a l ass ignment 
method on page 35 i n the p r e v i o u s c h a p t e r . A new d i s t r i ­
b u t i o n of i n t e r z o n a l t r i p s i s made based on t h e new t r a v e l 
t i m e s . This new d i s t r i b u t i o n of t r i p s i s again a s s i g n e d 
t o the v a r i o u s s t r e e t s by the p r o p o r t i o n a l method. I f the 
t r a v e l t imes on each route determined i n t h e second a s ­
signment are not approximate ly equal t o t r a v e l t i m e s used 
i n t h e r e d i s t r i b u t i o n of i n t e r z o n a l t r i p s the feedback s t e p 
can aga in be r e p e a t e d . 
This method of t r a f f i c ass ignment was deve loped by 
the T r a f f i c Research Corporat ion w h i l e prepar ing a t r a n s ­
p o r t a t i o n p lan for Toronto i n 1960 (25) . The f low diagram 
shown i n F igure 11 on page 64 i l l u s t r a t e s the p r o c e s s . 
TRIP GENERATION 
C a l c u l a t e number 




S e l e c t s h o r t e s t 
r o u t e s on b a s i s 
of t r a v e l t i m e s . 
CAPACITY RESTRAINTS 
C a l c u l a t e route t r a v e l 
t imes based on road 
s e c t i o n t r a f f i c vo lumes . 
TRIP DISTRIBUTION 
Determine t r i p 
i n t e r c h a n g e based 
on t r a v e l t ime and 
zone a t t r a c t i v e n e s s 
TRIP ASSIGNMENT 
A s s i g n t r i p s t o 
r o u t e s and 
determine t r a f f i c 
vo lumes . 
END 




The i n c r e a s e i n t r a f f i c v o l u m e s o n t h e s t r e e t s y s t e m s 
i n u r b a n a r e a s h a s c r e a t e d t h e n e e d f o r c o n s t r u c t i o n o f n e w 
s t r e e t s a n d h i g h w a y s a n d t h e i m p r o v e m e n t o f e x i s t i n g o n e s . 
A c c u r a t e p r e d i c t i o n o f f u t u r e t r a f f i c v o l u m e s i s a n e s s e n ­
t i a l s t e p i n t h e p l a n n i n g o f n e w f a c i l i t i e s a n d o f i m p r o v e ­
m e n t s t o e x i s t i n g o n e s . 
I n r e c e n t y e a r s m e t h o d s o f p r e d i c t i n g t r a f f i c h a v e 
b e e n d e v e l o p e d i n t h e t r a n s p o r t a t i o n s t u d i e s o f l a r g e m e t r o ­
p o l i t a n a r e a s . T h i s t h e s i s h a s d i s c u s s e d t h e a p p l i c a t i o n 
o f t h e s e m e t h o d s t o c i t i e s u n d e r 1 0 0 , 0 0 0 i n p o p u l a t i o n . The 
m e t h o d s p r e s e n t e d a r e t h e F r a t a r m e t h o d a n d t h e m a t h e m a t i c a l 
m o d e l m e t h o d . 
T h e f i r s t m e t h o d d i s c u s s e d u t i l i z e s t h e F r a t a r t e c h ­
n i q u e f o r d i s t r i b u t i n g f u t u r e i n t e r z o n a l t r i p s . The u t i l i ­
z a t i o n o f t h i s m e t h o d r e q u i r e s a c o m p l e t e o r i g i n a n d d e s t i ­
n a t i o n s u r v e y . T h i s m e t h o d d o e s n o t y i e l d g o o d r e s u l t s i n 
c i t i e s w h i c h h a v e l a r g e u n d e v e l o p e d a r e a s w h i c h a r e e x p e c t e d 
t o b e d e v e l o p e d i n t h e f u t u r e . T h e v a r i o u s s t e p s o f t h e 
F r a t a r m e t h o d a r e : ( 1 ) l a n d u s e s u r v e y ; ( 2 ) o r i g i n a n d 
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d e s t i n a t i o n s u r v e y ; ( 3 ) t r i p g e n e r a t i o n ; ( 4 ) l a n d u s e f o r e ­
c a s t ; ( 5 ) d i s t r i b u t i o n o f i n t e r z o n a l t r i p s ; a n d ( 6 ) t r a f f i c 
a s s i g n m e n t . 
The m a t h e m a t i c a l m o d e l m e t h o d u t i l i z e s a m a t h e m a t i c a l 
m o d e l f o r d i s t r i b u t i n g f u t u r e i n t e r z o n a l t r i p s . Two m o d e l s 
p r e s e n t e d a r e t h e g r a v i t y m o d e l a n d t h e c o m p e t i n g o p p o r ­
t u n i t i e s m o d e l . The a u t h o r c o u l d f i n d n o e v i d e n c e t h a t o n e 
o f t h e s e m o d e l s i s m o r e c o r r e c t t h e o r e t i c a l l y t h a n t h e o t h e r . 
H o w e v e r , t h e g r a v i t y m o d e l , b e c a u s e o f i t s e a r l i e r d e v e l o p ­
m e n t , h a s b e e n u t i l i z e d much m o r e t h a n t h e c o m p e t i n g o p p o r ­
t u n i t i e s m o d e l . The e x p e r i e n c e g a i n e d i n t h e g r a v i t y m o d e l ' s 
w i d e r u s e h a s made p o s s i b l e many r e f i n e m e n t s i n t h e p r o c e ­
d u r e s i n v o l v e d w i t h i t s a p p l i c a t i o n . 
The m a t h e m a t i c a l m o d e l m e t h o d d o e s n o t r e q u i r e a 
c o m p l e t e o r i g i n a n d d e s t i n a t i o n s u r v e y . I t i s a p p l i c a b l e 
i n a r e a s w h i c h a r e p r e s e n t l y u n d e v e l o p e d b u t a r e e x p e c t e d 
t o d e v e l o p i n t h e f u t u r e . U n l i k e t h e F r a t a r m e t h o d , t h e 
m a t h e m a t i c a l m o d e l m e t h o d d i r e c t l y r e c o g n i z e s t h e e f f e c t o f 
t r a v e l t i m e o n t r i p m a k i n g . T h e m a i n d i s a d v a n t a g e o f t h e 
m a t h e m a t i c a l m o d e l i s t h a t t h e r e i s n o a s s u r a n c e t h a t t h e 
m o d e l c a n a d e q u a t e l y d e s c r i b e t h e many v a r i a b l e s t h a t i n ­
f l u e n c e a d r i v e r ' s d e c i s i o n t o c h o o s e o n e d e s t i n a t i o n o v e r 
a n o t h e r . The v a r i o u s s t e p s o f t h e m a t h e m a t i c a l m o d e l m e t h o d 
a r e : ( 1 ) l a n d u s e s u r v e y ; ( 2 ) d e l i n e a t i o n o f t r a f f i c z o n e s 
( 3 ) l a n d u s e f o r e c a s t ; (4) d e t e r m i n a t i o n o f t r i p e n d s ; (5) 
t r a v e l t i m e s u r v e y ; ( 6 ) d i s t r i b u t i o n o f i n t e r z o n a l t r i p s ; 
a n d ( 7 ) t r a f f i c a s s i g n m e n t . 
C o m p u t e r p r o g r a m s h a v e b e e n w r i t t e n f o r m a k i n g t h e 
m a t h e m a t i c a l c o m p u t a t i o n s i n v o l v e d w h e n u t i l i z i n g e i t h e r 
t h e F r a t a r o r t h e m a t h e m a t i c a l m o d e l m e t h o d s . T h e s e p r o ­
g r a m s a r e a v a i l a b l e f o r m o s t o f t h e c o m p u t e r s b e i n g u s e d 
t o d a y . 
T h e m e t h o d s o f p r e d i c t i n g t r a f f i c p r e s e n t e d i n t h i s 
t h e s i s c a n a n d s h o u l d b e u s e d i n s m a l l c i t i e s . P r e d i c t i o n s 
b a s e d o n t h e s e m e t h o d s s h o u l d s e r v e a s a g u i d e t o m a j o r 
s t r e e t p l a n n i n g . 
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